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PREFACE 


This  final  volume  fulfils  a hope  expressed  in  Volume  III  of  the  series,  and  constitutes  a 
Summary  and  Survey  of  our  present  knowledge  of  the  Lower  Tertiary  Floras  of  Southern 
England , based  almost  entirely  on  Miss  Chandler’s  many  years  of  collection  and  study  of 
fossil  fruits  and  seeds.  Although  the  series  was  originally  given  the  title  of  ‘Floras’,  Miss 
Chandler’s  studies  have  increasingly  shown  that  these  are  all  essentially  of  the  same  type, 
leading  to  the  central  theme  of  the  present  work : that  each  successive  flora  is  a sample  of 
one  and  the  same  Flora  which  is  known  to  have  existed  in  the  South  of  England  from  at 
least  Palaeocene  to  Middle  Oligocene  times. 

Although  this  volume  rings  down  the  curtain  on  this  series,  the  indefatigable 
authoress  has  plans  well  advanced  for  a set  of  supplementary  bulletins. 

As  before,  the  photographs  for  the  plates  are  by  Miss  Chandler,  and  Mrs.  Jane 
Croucher  has  made  the  excellent  drawings  reproduced  in  the  text,  based  on  Miss 
Chandler’s  sketches,  while  the  same  invaluable  help  has  been  given  by  Dr.  K.  I.  M. 
Chesters  and  Mr.  F.  M.  Wonnacott. 

Errol  White, 

Keeper  of  Palaeontology 
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AUTHOR’S  PREFACE 


About  a year  before  the  outbreak  of  World  War  II  when  a second  volume  on  the  London 
Clay  flora  was  in  course  of  preparation  and  other  Eocene  floras  were  being  studied,  a 
suggestion  was  made  to  the  late  W.  N.  Edwards,  then  Keeper  of  Geology,  that  in  the 
first  instance  the  successive  floras  should  be  described  stratigraphically  and  only  after 
this  had  been  done  should  results  of  these  studies  be  considered.  The  subject  matter  of 
the  following  pages  is  the  outcome  of  this  decision.  It  is  in  essence  a summary  of  the 
nature,  relationship  and  origin  of  the  Lower  Tertiary  Flora  of  England  so  far  as  we  know 
it  today.  As  is  pointed  out  elsewhere  the  evidence  considered  is  very  largely  that  afforded 
by  fruits  and  seeds  although  there  is  reference  to  results  accruing  from  the  examination 
of  other  organs. 

Although  the  stratigraphic  arrangement  in  the  three  Monographs  and  successive 
Bulletins  has  generally  been  adhered  to,  it  has  sometimes  been  necessary  in  the  systematic 
sections  to  depart  from  this  plan.  Only  by  so  doing  could  a species  or  genus  be  described 
and  illustrated  adequately.  This  is  notably  the  case  in  the  Lower  Bagshot  Monograph 
(1962)  where  the  specific  characters  of  certain  widespread  forms  have  been  described 
only  after  drawing  on  all  sources  of  information.  However,  by  such  initial  departures 
from  the  general  plan  subsequent  references  in  later  publications  to  the  species  concerned 
have  been  made  correspondingly  brief. 

To  Dr.  K.  I.  M.  Chesters  first  and  foremost  I am  under  heavy  obligation  for  much 
help.  The  comprehensive  Table  showing  all  definitely  recognized  families,  genera  and 
species  and  their  distribution  in  the  geological  scale  was  drafted  by  her  and  illustrates 
outstandingly  the  debt  which  I owe  her  for  assisting  in  and  accelerating  the  publication 
of  so  much  work  in  a comparatively  short  period,  all  the  more  welcome  after  previous 
long  delays.  The  preparation  of  this  Table  was  a particularly  laborious  and  exacting  piece 
of  work  which  I acknowledge  gratefully  adding  this  to  my  thanks,  now  almost  monotonous 
through  frequent  repetition,  for  typing,  editing  and  proof-reading.  Dr.  Chesters  also 
obtained  a translation  of  some  of  Kryshtofovich’s  works  and  added  many  other  kindnesses 
which  cannot  be  itemized  individually.  To  Mr.  F.  M.  Wonnacott  I also  express  my 
warmest  thanks  in  connexion  with  editing  and  proof-reading,  as  to  Mrs.  Jane  Croucher 
for  reproducing  my  sketches,  and  to  Dr.  R.  E.  Holttum,  upon  whose  intimate  knowledge 
of  tropical  vegetation  I have  been  privileged  to  draw.  The  Keeper  of  Palaeontology, 
Dr.  E.  I.  White,  F.R.S.,  earns  a full  measure  of  gratitude  for  furthering  publication  and 
enduring  the  tiresome  interruptions  of  other  work  in  the  Department  which  my  successive 
publications  have  undoubtedly  caused.  As  the  late  W.  N.  Edwards  once  remarked  when 
I complained  of  delay,  ‘The  mere  physical  labour  of  registering  the  specimens  alone 
is  considerable’.  All  those  mentioned  are  busy  people  who  might  justifiably  plead 
their  own  work  as  a reason  for  withholding  the  help  they  have  so  willingly  given. 
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It  is  sad  that  present  day  printing  costs  have  prohibited  the  publication  of  a full 
catalogue  of  specimens  in  the  last  two  volumes  like  those  printed  in  1926,  1933  and  1961. 
Such  lists  give  full  information  about  the  relevant  material  in  the  most  convenient  form 
for  reference.  However  all  the  more  important  specimens  have  either  been  figured  or 
referred  to  in  the  text  hitherto  published.  In  future  work  on  the  London  Clay,  in  view  of 
the  abundant  material  so  constantly  received  further  specimens  of  published  species  will 
only  be  registered  and  not  mentioned  in  print  unless  they  illustrate  some  important 
character  or  feature  previously  unrecorded.  The  first  volume  of  the  series  published  by 
the  British  Museum,  A Catalogue  of  Cainozoic  Plants  (1926),  was  in  octavo  form.  The 
large  amount  of  London  Clay  material  necessitated  a change  in  the  format  and  thereafter 
a quarto  size  was  adopted. 

In  order  to  reduce  costs  and  hasten  publication  some  of  the  smaller  sample  floras 
studied  have  appeared  at  intervals  between  1955  and  1963  as  Bulletins  of  the  British 
Museum  (Natural  History). 


Marjorie  E.  J.  Chandler 
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INTRODUCTION 


The  purpose  of  this  volume  is  to  co-ordinate  for  convenience  of  reference  scattered  knowledge 
derived  from  studies  of  the  Tertiary  seed  and  fruit  floras  of  the  south  of  England  extending 
over  many  years.  It  aims  at  showing  the  relationship  which  exists  between  these  separate 
floras,  the  results  obtained  from  the  various  researches  being  here  surveyed  and  summarized. 

The  Survey  is  divided  into  two  parts.  In  the  first  part  Ridley’s  work  (1930)  on  the  dispersal 
of  Recent  fruits  and  seeds  is  considered  in  view  of  the  light  it  throws  on  the  mode  of  ac- 
cumulation and  the  composition  of  plant  deposits.  Reference  is  also  made  to  Richards’  work 
(1952)  on  Tropical  Rain-forest  having  regard  to  the  introduction  of  plant  remains  from  more 
than  one  altitudinal  level  in  most  fossil  fruit  and  seed  beds. 

The  second  part  provides  an  opportunity  for  bringing  the  plant  lists  from  successive 
horizons  up  to  date,  and  covers  the  period  from  the  Palaeocene  through  the  Eocene  to  the 
Oligocene  of  the  Hamstead  Beds  in  the  Isle  of  Wight  and  the  Bovey  Tracey  Lignites  of  Devon. 
As  the  years  pass  it  invariably  happens  that  growing  experience  and  new  knowledge,  both  of  fossil 
and  living  plants,  lead  to  the  correction  of  some  older  determinations  and  the  addition  of  some 
plants  which  have  previously  eluded  recognition.  The  discovery  of  new  material  has  also 
introduced  additional  names  to  the  lists  published  as  the  work  proceeded.  Descriptions  of  a 
few  recently  discovered  significant  additions  to  some  of  the  floras  here  considered  are  append- 
ed to  the  present  volume.  The  plant  list  on  p.  16  includes  these  new  plants  and  some  revised 
determinations,  and  shows  in  successive  columns  the  distribution  of  the  species  throughout 
the  beds  with  which  we  are  concerned.  With  the  lapse  of  time  and  the  help  derived  from  other 
people’s  criticisms  and  studies,  views  or  interpretations  of  facts  previously  published  have 
been  modified,  while  recent  work,  especially  in  other  countries,  has  supplied  a background 
against  which  the  English  floras  must  be  viewed. 


THE  TERM  ‘FLORA’  IN  RECENT  AND 
TERTIARY  BOTANY 

Elements  of  chance  which  account  for  differences  implied  by 
the  term  in  these  two  branches  of  study 

The  term  ‘flora’  has  a somewhat  different  significance  in  Recent  Botany  from  that  which 
it  carries  in  Tertiary  Palaeobotany.  The  Shorter  Oxford  Dictionary  (1959,  3rd  edit.)  defines 
the  word  as  ‘A  descriptive  catalogue  of  the  plants  of  any  area  or  period’  or  as  ‘The  plants  or 
plant  life  of  a region  or  epoch’.  The  Encyclopaedia  Britannica  (1956)  states  that  the  term  is 
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used  in  botany  collectively  for  the  plant  growth  of  a district.  Thus  in  Recent  Botany  the  word 
‘flora’  seems  to  imply  a record  of  the  plants  of  a given  locality  at  a given  period  which  is 
more  or  less  complete  covering  all  types  of  plant  life  from  the  lowest  to  the  highest.  It  also 
suggests  that  account  is  taken  of  plants  from  every  type  of  habitat  unless  the  title  of  the  work 
specifically  states  it  to  be  otherwise  as,  for  example,  in  such  a title  as  ‘The  Angiosperm  flora 
of  X’  or  ‘The  Lowland  Tropical  Rain-forest  flora  of  Y’.  Hence  a flora  of  a geographical  area 
such  as  the  Malay  Peninsula  would  ideally  include  the  plants  of  the  lowland  tropical  rain- 
forest to  whatever  phyla  they  belonged  and  all  plant  life  whether  of  the  seas  bounding  the 
shore,  or  of  the  seashore  together  with  the  estuaries  and  low-lying  marshes,  the  freshwater 
channels  and  lakes,  river  banks,  woodlands  and  forests,  meadow  and  heathland,  mountain 
sides  at  successive  elevations  and  so  on.  Habitat  and  ecological  conditions  would  be  duly 
noted.  In  a Recent  flora,  moreover,  knowledge  of  the  plants  themselves  is  usually  more  or  less 
complete  so  that  vegetative  habit,  flowers,  fruits,  leaves  and  occasionally  even  root  systems  may 
all  be  described.  Thin-walled  and  thick-walled  fruits  and  seeds,  tough  and  delicate-leaved 
plants  would  all  have  their  place. 

In  Palaeobotany  the  position  is  different.  Complete  knowledge  of  the  parent  vegetation 
from  which  a ‘flora’  comes  is  non-existent  because  such  information  as  is  available  is  based  on 
a selection  only  of  plants.  These  must  normally  be  supposed  to  represent  a comparatively  small 
fraction  of  the  original  plant  population  while  the  remains  of  the  plants  represented  are  in- 
evitably fragmentary.  Thus  many  fossil  floras  are  described  from  one  kind  of  plant-organ 
only,  whether  pollen,  spores,  fruits  and  seeds  or  leaves.  It  follows  that  a fossil  flora  of  a par- 
ticular locality  or  horizon  is  merely  a chance  sample,  not  a true  cross  section  of  the  vegetation 
from  which  it  came.  In  the  case  of  the  London  Clay  Flora,  the  Sheppey,  Herne  Bay  or  Bognor 
‘floras’  are  samples  only  of  the  London  Clay  Flora  which  is  itself  a limited  sample  of  the 
contemporary  vegetation.  Many  elements  of  chance  have  operated  in  deciding  whether  a plant 
did  or  did  not  reach  a particular  site  of  deposition  as  will  be  seen  if  pp.  4-9  are  consulted. 
It  may  here  be  observed  that  normally  only  the  tougher  or  thicker  plant  parts  survive  fossili- 
zation  even  when  plants  of  delicate  texture  grew  near  to  the  site  of  deposition.  These  latter  are 
dependent  for  their  preservation  on  quiet  sedimentation  in  a very  fine  silt  or  matrix  such  as 
pipe-clay.  Another  chance  factor  which  operates  is  that  relatively  few  of  the  hidden  treasures 
of  a plant  site  come  under  observation.  There  is  a strong  element  of  chance  operating  in  what 
is  extracted  from  the  exposed  site  or  surface.  Nor  are  all  plant  deposits  available  constantly. 
In  the  Lower  London  Tertiaries  sites  known  to  pioneer  geologists  are  now  built  over.  Some 
exposures  are  of  very  transitory  type  such  as  sewer  trenches,  or  limited  exposures  like  that  of 
Nursling  near  Southampton  where  gravel  above  the  London  Clay  was  worked  for  a short 
time,  the  ground  being  quickly  reinstated  after  its  removal.  The  rapidity  of  marine  erosion  on 
our  built-up  coasts  has  so  alarmed  local  authorities  that  expensive  and  often  all  too-inefficient 
methods  of  ‘protection’  have  been  adopted  against  encroachment  by  the  sea  which  also  operate 
against  collection  by  geologists.  When  a plant  sample  is  studied  there  is  almost  always  an 
unidentifiable  residue  which  means  that  representatives  of  the  parent  vegetation  have  re- 
mained unrecognized.  It  happens  by  chance  that  plant  samples  themselves  vary  considerably 
in  the  amount  of  information  they  afford.  Many  from  the  London  Clay  are  intrinsically  rich 
both  in  species  and  in  individual  specimens.  At  least  140  named  genera  and  500  species  are 
known  from  this  horizon,  the  majority  coming  from  three  localities.  Even  less  than  in  the  case 
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of  a Recent  flora  can  a fossil  flora  be  described  as  ‘complete’  or  ‘finished’.  Additions  are  liable 
to  be  made  from  time  to  time  usually  by  the  discovery  of  one  or  even  of  a few  new  species,  some- 
times based  on  one  highly  characteristic  individual  only,  sometimes  on  a small  number  of 
specimens.  Other  plant  samples  are  poor  as  is  the  case  in  the  dated  marine  beds  of  the  Selsey 
Peninsula  which  range  in  age  from  Cuisian  to  Auversian.  Throughout  this  particular  coast 
section  the  fruits  and  seeds  occur  only  sporadically  and  to  search  for  them  resembles  the 
proverbial  hunt  for  needles  in  a haystack.  The  productive  beds  are  frequently  hidden  by 
beach  shingle  and  sand,  there  are  a few  species  only,  while  normally  only  a few  individuals  of 
these  species  are  discovered.  Wetherellia  dixoni  provides  an  exception  to  this  generalization  as 
a considerable  number  of  specimens  have  been  found  at  one  time  or  another,  while  Nipa  also 
is  sometimes,  albeit  fitfully,  abundant. 

At  certain  horizons  differential  sorting  by  specific  gravity  has  added  another  element  of 
chance  to  those  described  above.  This  may  result  in  the  fossils  being  of  a limited  size  as  in  the 
Highcliff  Sands  near  Mudeford.  Here  the  small  sparse  plant  remains  are  most  inconspicuous 
in  their  thin  seams.  In  the  Lower  Bagshot  on  the  other  hand,  especially  at  Arne,  some  of  the 
finer  elements  are  eliminated  for  there  is  a tendency  for  larger  specimens  to  be  segregated  and 
these  are  more  comparable  in  size  with  the  fruits  of  the  London  Clay  than  those  of  any  other 
deposit.  It  is  thus  easy  to  see  how  for  a variety  of  reasons  due  to  chance  the  plant  lists  from 
various  sites  must  inevitably  show  differences  even  if  and  when  the  accumulated  remains  have 
come  from  essentially  similar  vegetation. 


THE  RELATIONSHIP  BETWEEN  SUCCESSIVE 
LOWER  TERTIARY  ‘SAMPLE’  FLORAS: 
VARIOUS  TITLES  USED  TO  DESIGNATE 
LOWER  TERTIARY  VEGETATION 

As  the  result  of  studying  the  series  of  sample  fruit  and  seed  floras  at  successive  horizons 
during  the  past  thirty  to  forty  years  the  writer  is  satisfied  that  the  Woolwich  and  Reading, 
London  Clay,  Lower  Bagshot,  Bournemouth  and  succeeding  samples  to  the  top  of  the 
Hamstead  Series  are  all  merely  varied  representatives  of  a single  characteristic  Eocene- 
Oligocene  vegetation.  Detailed  consideration  of  the  evidence  leading  to  this  conclusion  is 
given  on  pp.  51-79.  Different  names  have  been  used  at  different  times  to  designate  this  general 
type  of  vegetation.  It  has  been  called  Tethyan  because  its  remains  are  found  around  the 
borders  of  the  ancient  Tethys  ocean  which  was  believe  to  have  influenced  the  climate  in  such 
a way  as  to  make  possible  the  growth  and  expansion  of  this  type  of  flora.  Against  this  title  is 
the  fact  that  on  the  other  side  of  the  globe  in  the  corresponding  latitudes  of  America  a similar 
flora,  with  of  course  local  modifications,  also  occurs. 

Another  name,  the  Poltavian , has  been  introduced  by  Krystofovich  (1957)  and  used  in 
successive  works,  the  name  being  derived  from  the  Poltava  Sandstones  of  the  Ukraine  which 
have  yielded  this  type  of  vegetation. 

In  America  it  was  termed  by  Chaney  (1947:  14)  the  Neotropical  Flora,  the  corresponding 
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vegetation  of  the  Old  World  being  designated  Palaeotropical.  Chaney  moreover  discriminated 
between  the  larger  and  longer-lived  units  of  vegetation  (the  Floras)  and  the  more  local  and 
transient  units  (floras).  His  more  northern  Arcto-Tertiary  vegetation  as  well  as  the  Neo- 
tropical are  both  Floras  on  this  basis.  The  Arcto-Tertiary  Flora  grows  at  middle  latitudes  in 
the  Northern  Hemisphere  today  but  in  Eocene  times  it  lived  in  Greenland  and  Alaska  north 
by  over  a thousand  miles  of  its  present  home.  Similarly  the  Neotropical  Flora  of  Middle 
Eocene  and  Oligocene  age  extending  up  to  middle  latitudes  lives  at  the  present  day  only  at 
low  latitudes.  Instances  of  sample  floras  of  the  Neotropical  vegetation  of  the  United  States  of 
America  are  the  Wilcox,  Claiborne,  Brandon,  Catahoula  and  Clarno  ‘floras’. 

The  term  Indo-Malayan  Flora  was  used  by  Reid  & Chandler  (1933)  for  the  Lower  Tertiary 
vegetation  of  the  London  Clay.  The  title  stresses  the  dominant  relationship  of  this  Flora  but 
is  bound  up  with  a theory,  now  superseded,  that  this  vegetation  must  have  originated  in  and 
spread  from  Indo-Malaya  into  Western  Europe.  The  designation  London  Clay  Flora  as  a 
general  title  is,  like  the  term  Poltavian,  too  localized  although  it  serves  as  a reminder  that  the 
tropical  lowland  vegetation  was  first  recognized  in  the  London  Clay  and  is  more  richly  re- 
presented there  than  at  any  other  locality. 

It  would  perhaps  be  less  misleading  to  refer  to  these  lowland  tropical  fossil  plant 
assemblages  wherever  they  occur  by  a generalized  title  such  as  the  Lower  Tertiary  Flora , 
bearing  in  mind  that  the  term  really  applies  to  the  parent  vegetation  which  has  yielded  the 
sample  floras  described  from  different  localities  or  horizons.  Recognition  that  there  are  broadly 
based  geographical  modifications  could  be  accorded  by  retaining  Chaney’s  names  Neotropical 
and  Palaeotropical  for  the  New  and  Old  World  developments  respectively;  the  local  names 
such  as  Poltavian,  London  Clay  and  so  on  could  be  used  in  connexion  with  the  geographical 
areas  to  which  they  are  appropriate. 


MODE  OF  FORMATION  OF  FOSSIL  ‘FLORAS’ 
AS  DEDUCED  FROM  PRESENT  DAY 
OBSERVATIONS  WITH  ESPECIAL 
REFERENCE  TO  THE  WORK  OF 
H.  N.  RIDLEY  & P.  W.  RICHARDS 

In  considering  the  problems  connected  with  the  formation  of  plant  deposits  it  is  necessary 
to  decide  whether  to  start  with  the  fossils  and  beds  which  contain  them  and  to  deduce  from 
these  the  conditions  under  which  they  were  formed,  or  whether  it  is  better  first  of  all  to  try  to 
discover  by  observation  of  current  phenomena  how  plant  remains  may  have  found  their  way 
into  the  strata  where  they  are  now  buried.  I have  chosen  to  deal  first  with  the  evidence  from 
recent  events,  for  it  is  by  observation  in  the  present  that  the  problems  of  the  past  can  best  be 
interpreted. 

Few  palaeobotanists  have  had  the  invaluable  experience  of  living  for  long  periods  in  the 
Tropics  although  many  Recent  botanists  have  enjoyed  this  opportunity  in  the  ordinary  course 
of  their  work.  For  example  successive  Directors  of  a Botanic  Garden  like  that  at  Singapore 
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have  had  unrivalled  chances  of  observing  the  mode  of  formation  of  plant-bearing  water-borne 
deposits  during  violent  storms,  of  the  material,  that  is,  of  future  plant  beds  in  geological  ages 
yet  to  come.  Naturally  not  all  men  so  placed  have  sufficiently  broad  interests  to  record  or  even 
to  see  such  phenomena  which  lie  outside  the  sphere  of  their  normal  duties.  There  have  been, 
nevertheless,  some  outstanding  botanists  in  tropical  regions  who  have  made  invaluable  con- 
tributions by  collecting  data  about  the  effects  of  tropical  storms  which  are  responsible  for  the 
flooding  of  rivers  and  the  transport  and  dispersal  of  plants  or  their  parts.  Such  men,  of  whom 
H.  N.  Ridley  was  one  of  the  most  noteworthy,  have  been  of  great  assistance  in  palaeobotanical 
work.  In  Tertiary  palaeobotany  particularly,  where  living  families  and  genera  in  the  older 
beds,  and  even  living  species  in  the  younger  ones,  are  represented  in  the  fossil  record  it  is 
essential  to  learn  all  that  is  possible  by  studying  any  available  reports  along  the  lines  indicated 
above. 

Ridley’s  book  (1930)  on  the  dispersal  of  fruits  and  seeds  is  a veritable  mine  of  information 
with  a direct  bearing  on  palaeobotanical  problems.  He  himself  was  a great  naturalist  and  an 
inveterate  observer,  possessed  by  an  eager  curiosity  about  all  the  day  to  day  happenings  in  the 
natural  world  around  him  while  he  held  the  appointment  of  Curator  at  the  Singapore  Gardens. 
In  page  after  page  of  his  book  he  makes  it  clear  beyond  doubt  that  millions  of  seeds  can  be 
transported  by  rivers  and  sometimes  whole  plants  or  branches  bearing  fruits.  These  are 
carried  by  floods  and  spates  over  the  great  flood  plains  and  sometimes  even  to  the  open  sea. 
Many  vegetative  organs  - bulbils,  winter  buds  and  rhizomes,  travel  in  a similar  manner. 
Violent  thunderstorms  have  been  observed  to  wash  down  small  fruits  while  in  the  tropical 
rain-forest  large  and  comparatively  heavy  ones  may  also  be  transported.  Ridley  describes 
vividly  how  in  Johore  he  had  seen  a dry  channel  changed  in  less  than  an  hour  into  a full  stream 
carrying  fruits  and  seeds  from  higher  ground  as  the  result  of  temporary  rain-wash.  He  uses  as 
an  illustration  floating  seeds  like  those  of  Bassia  (Sapotaceae),  a family  well  represented  in  the 
London  Clay,  swept  by  rain  torrents  into  streams  in  which  they  continued  to  float  until  the 
water  had  fallen.  Such  seeds  often  drift  down  in  great  abundance  and  he  adds  significantly 
‘It  may  be  said  that  the  rain-wash  collects  the  seeds  from  all  over  the  forest  and  carries  them 
down.  ...  It  is  only  by  rain-wash  that  the  small-seeded  herbs  of  the  tropical  forests  . . . can 
be  carried  from  one  place  to  another’.  Again  (p.  166)  ‘All  small  seeds,  and  in  the  tropical  rain- 
forest large  and  comparatively  heavy  seeds,  are  rolled  along  to  a considerable  distance  by  the 
violent  rainstorms’.  Carpels  of  Naphar  float  for  days.  Even  when  growing  in  quiet  waters 
the  floods  may  wash  them  out.  The  same  applies  to  Nymphaea , Stratiotes,  Azolla,  Aldrovanda 
and  seeds  of  Asclepiadaceae.  Palmae  including  fruits  of  Corypha  are  deposited  by  rainwash 
in  alluvial  flats. 

Ridley  also  gives  an  invaluable  description  of  how  in  tropical  regions  the  rush  of  water 
from  mountains  and  the  resulting  floods  give  rise  to  deposits  of  silt.  He  instances  particularly 
how  in  the  Malay  Peninsula  in  1926  when  unusually  extensive  flooding  took  place  some  of 
the  rivers  rose  from  60  to  85  feet  above  the  normal  height  laying  down  silt  5 to  6 feet  deep  in 
the  low  country.  That  enormous  numbers  of  seeds  are  in  fact  transported  by  such  rushes  of 
water  he  illustrates  specifically  from  observations  made  by  Egginton  and  Robbin  who  had 
counted  in  irrigation  ditches  from  4,000,000  to  nearly  9,000,000  seeds  drifting  along  in 
twenty-four  hours  while  vast  numbers  of  non-buoyant  seeds  were  carried  on  floating  debris. 
Quite  clearly,  the  importance  of  great  rivers  drawing  for  their  water  supply  on  a mountain 
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massif  or  ‘large  well-watered  tract’  cannot  be  over  emphasized.  Such  rivers  flowing  through 
flood  plains  which  may  be  fifty  to  sixty  miles  wide,  plains,  that  is,  formed  by  the  river  silt, 
often  overflow  for  many  miles  sweeping  along  seeds,  floating  aquatic  herbs  and  a rich  and 
varied  admixture  of  other  plant  debris.  When  rivers  of  such  a character  change  their  course, 
no  uncommon  occurrence  in  the  Malay  Peninsula,  seeds,  fruits,  bushes,  small  trees,  clumps  of 
bamboo  and  banana  migrate  unharmed  for  long  distances  and  are  widely  scattered.  That 
events  like  these  are  of  common  occurrence  is  borne  out  by  the  statements  of  others  with  a 
less  definitely  botanical  bias.  Thus  ‘a  correspondent’  in  The  Times  of  23rd  July  1958  gave  a 
graphic  description  of  the  rapid  flooding  of  a camp  site  owing  to  a tropical  thunderstorm  in 
the  mountains.  The  site  lay  on  the  banks  of  a minor  tributary  of  the  Irrawady  and  flowed 
through  tropical  jungle.  The  tributary  which  was  said  to  be  as  wide  as  the  Thames  at  Henley 
was  fed  by  a sluggish  stream.  At  the  junction  of  the  two  there  was  a narrow  spit  of  land  some 
eight  feet  high  which  projected  into  the  river.  A distant  storm  at  midnight  in  mountains  where 
the  stream  arose  caused  a deluge  of  rain  so  that  the  river  rose  with  great  rapidity  carrying 
great  trees  swiftly  past  the  observers.  Although  at  the  height  of  the  storm  the  spit  was  sub- 
merged, the  rain  soon  ceased  and  by  daylight  the  flood  waters  were  falling  leaving  a giant  tree 
stranded  on  the  spit  with  upturned  roots.  Such  indeed  might  almost  be  a graphic  description 
of  the  manner  in  which  in  Eocene  times  a palm  tree  with  Lower  Bagshot  pipe-clay  still 
entangled  in  its  roots  was  transported  from  the  Dorset  region  and  deposited  at  least  six  miles 
away  in  the  Bournemouth  Marine  Beds  at  Honeycomb  Chine,  Boscombe,  Hampshire,  where 
it  was  found  in  situ  and  described  by  Gardner  (1879:  221).  The  amazing  rapidity  of  the  rise 
and  fall  of  storm  waters  and  the  power  they  possess  of  breaking  away  and  carrying  both  large 
or  heavy  and  small  or  light  plant  debris  has  been  observable  even  in  this  temperate  country 
during  exceptional  floods  in  recent  years  in  places  as  far  apart  as  Dorset,  Yorkshire  and 
Perthshire.  To  stand  on  the  banks  of  a river  like  the  Ure  in  Wensleydale  after  a night  of 
torrential  rain  in  autumn  at  the  time  of  the  natural  leaf  fall,  when  both  leaves  and  winged 
fruits  are  dropping  or  being  swept  intact  by  wind  into  the  swollen  channel,  is  an  enlightening 
experience.  The  rapid  transport  of  thin  deciduous  leaves  buoyed  up  by  racing  water  is  in- 
teresting to  watch.  Some  are  obviously  capable  of  travelling  miles  under  such  conditions 
(Ridley  quotes  three  and  three-quarters  to  seven  miles  for  beech  leaves,  fourteen  for  Pyrus 
aria).  Others,  caught  by  eddies  and  currents,  are  carried  into  slack  water  on  the  flooded  river 
verges  where  they  lie  intact,  flattened  and  irregularly  disposed  one  upon  another  in  patches 
often  weighted  down  by  sand  and  silt.  Fruits,  being  smaller,  are  not  so  easy  to  follow  in  their 
travels,  but  alder  cones,  which  have  been  torn  from  the  trees  in  various  stages  of  development, 
and  sycamore  fruits  can  be  seen  in  quantity.  Ridley  himself  noted  that  the  distance  and  time 
that  specimens  can  float  differs  very  much,  but  he  mentions  specifically  that  in  river  plants 
even  a few  days  enable  the  floating  material  to  travel  for  some  miles  on  a strong  current.  This 
whole  phenomenon  of  the  rising  and  falling  of  waters  takes  place  so  quickly  that  many  pockets 
of  leaves  and  probably  too  of  fruits  could  be  dumped  and  then  sealed  by  silt  or  mud  before 
the  processes  of  decay  had  begun  to  operate.  No  doubt  such  pockets  will  provide  leaf  and  seed 
deposits  for  geologists  in  future  ages.  A sequence  of  events  like  that  described  above  may 
account  for  some  of  the  leaf-pockets  along  Tertiary  water  courses.  It  is  not  necessary  to  assume 
that  all  were  dropped  from  trees  directly  into  stagnant  puddles  quite  close  to  the  place  where 
they  grew.  (See  Berry,  1906:  246.) 
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It  is  unfortunate  that  it  has  not  been  possible  to  collect  many  data  about  the  actual  species 
of  fruits  and  seeds  transported  in  the  Malayan  regions  under  the  conditions  so  graphically 
described  by  Ridley,  although  he  does  mention  a few  like  Bassia,  already  quoted,  and  alludes  to 
certain  genera  and  species  of  river  banks.  We  still  need  to  learn  not  only  what  genera  travel  in 
this  way  but  how  far  they  can  travel  in  a recognizable  condition.  It  has  not  been  possible  up  to 
date  to  elicit  any  interest  in  this  matter  from  those  now  in  a position  to  observe.  As,  however, 
the  subject  is  of  great  geological  and  palaeontological  significance  one  can  only  hope  that 
eventually  someone  reading  these  lines  may  feel  moved  to  carry  Ridley’s  investigations  a stage 
further.  It  would  be  of  use,  for  example,  to  know  what  distance  Magnolia  seeds  and  berries  of 
upland  species  of  Cinnamomum  float  unharmed  in  the  flood  waters  in  tropical  lowlands  from 
their  submontane  or  montane  forests  and  whether  the  oily  skin  of  Lauraceae  berries  gives 
added  protection  on  such  a journey.  The  absence  of  definite  data  of  this  kind  is  regrettable 
more  especially  in  a region  like  the  Malay  Peninsula  where  the  mountains  rise  up  to  7,000  feet 
and  densely  forested  hills  provide  a terrain  at  successive  levels  from  which  fruits  could  be 
washed  down.  As  Ridley  himself  wrote  (1930:  ix),  ‘The  complete  story  of  dispersal  ...  is  not 
yet  finished,  and  there  is  still  a large  field  of  work  for  observers.’ 

The  deposition  of  plant  debris  in  flood  plains  and  temporary  watercourses  is  not  the 
whole  story.  From  time  immemorial  fruits  and  seeds  of  all  sorts  of  species  have  been  carried 
by  the  rivers  to  the  sea  and  deposited  at  their  mouths  (Ridley,  1930).  Again  Beccari 
(1904:  68),  writing  of  the  abundant  Dipterocarps  from  inland  forests  which  abound  on  the 
coasts  of  Borneo,  describes  how  the  river  drift  is  also  carried  out  to  sea  and  gives  an  account 
of  the  large  quantities  of  mud  brought  down  after  heavy  rains  by  a stream  which  debouched 
on  the  coast.  The  mud  covered  the  flotsam  and  jetsam  cast  up  by  the  sea  and  provided  ‘an 
undoubted  instance  of  a littoral  marine  formation  which  consists  nearly  entirely  of  land  and 
freshwater  vegetable  remains’  (Beccari,  1904:  258).  Reid  & Chandler  quote  this  passage  and 
also  quote  (1933  : 65)  Kerr  (1930:  112-114)  who  noted  eighteen  littoral  species,  nine  estuarine, 
and  twenty  inland  species  in  the  beach-drift  of  the  Island  of  Kaw  Tao,  in  the  Gulf  of  Siam, 
these  last  named  being  so  much  more  numerous  than  littoral  or  estuarine  species  that  it  is  not 
surprising  that  their  fruits  are  so  well  represented  in  the  drift. 

The  already  famous  account  by  Moseley  (1892 : 373)  describing  the  detritus  of  the  tropical 
river  Ambernoh  seventy  miles  off  the  coast  of  New  Guinea  need  not  be  quoted  again  in  full. 
It  was  reproduced  by  Reid  & Chandler  (1933:  20).  One  or  two  of  the  statements  in  that 
passage  may  perhaps  be  worth  stressing : various  fruits  of  trees  and  other  fragments  showed  a 
tendency  to  be  confined  in  the  midst  of  the  small  aggregations  into  which  the  floating  timber 
was  carried,  thus  strongly  recalling  the  pockets  of  plant  remains  in  some  marine  deposits,  for 
example  in  the  Barton  Beds.  Again,  besides  fruits  of  littoral  plants  there  were  forty  or  fifty 
species  (unnamed)  of  more  inland  plants  while  very  small  seeds  were  as  abundant  as  large 
ones.  Yet  again:  there  were  remains  of  palm  leaves,  some  with  pinnae  still  attached  to  the 
midrib,  and  these  were  the  only  leaves  seen  (cf.  London  Clay),  a segregation  explained  by 
Moseley  in  the  following  sentence,  ‘The  leaves  evidently  first  drop  to  the  bottom,  whilst 
vegetable  drift  is  floating  from  a shore.  Thus  as  the  debris  sinks  in  the  sea-water  a deposit 
abounding  with  leaves,  but  with  few  fruits  and  little  or  no  wood  will  be  formed  near  shore, 
whilst  the  wood  and  fruits  will  sink  to  the  bottom  farther  off  land.’  The  segregation  of  leaf 
deposits  from  fruit  and  seed  beds  in  marine  strata  may  well  be  explained  in  this  way.  Ridley 
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comments  (1930:  163)  that  many  seeds  dispersed  by  rivers  sink  when  the  salinity  of  the  tide 
reaches  a certain  point  which  may  partly  at  least  account  for  the  formation  of  certain  seed  beds 
in  estuarine  deposits. 

To  read  such  works  as  those  quoted  above  is  to  realize  that  the  plant  beds  of  lowland  sites 
which  owe  their  origin  to  transport  by  rivers  must  inevitably  include  an  admixture  of  remains 
from  plant  formations  at  different  altitudes.  These  may  represent  very  varied  ecological  units 
especially  if  the  transporting  medium  has  been  a river  or  streams  draining  a land  surface  of 
varied  configuration.  The  greater  the  relief  of  the  land  the  greater  could  be  the  variety  of  plant 
formations  present  in  the  fossil  deposit.  Similarly  the  more  sudden  the  ascent  behind  the  coast 
the  greater  also  the  variety  of  altitudinal  belts  represented  in  the  vegetable  debris.  To  sort  out 
the  zones  represented  is  no  easy  matter  where  fruits  and  seeds  are  concerned  except  in  as 
much  as  the  distribution  and  habitat  of  related  living  forms  may  give  a clue.  Ridley  quotes  a 
Mr.  Davis  of  the  Lucknow  Botanical  Gardens  who  had  told  him  in  1912  that  he  frequently 
found  growing  on  the  banks  of  the  river  ‘strange  mountain  plants  brought  down  . . . from 
the  mountains  far  to  the  north’. 

Another  valuable  source  of  information  available  to  workers  on  the  older  Tertiary  floras, 
viz.  Professor  P.  W.  Richards’  book  on  ‘The  Tropical  Rain  Forest’  (1952),  is  a classic  quoted 
by  Chandler  in  1961. 

To  the  botanist  knowledge  of  the  successive  altitudinal  zones  of  vegetation  is  common- 
place. For  the  benefit  of  geological  readers  it  may  be  useful  to  point  out,  following  Richards, 
that  zoning  of  vegetation  in  the  tropics  may  be  determined  in  the  case  of  the  north  and  south 
climatic  boundaries  of  tropical  rain-forest  by  precipitation  or  on  tropical  mountains  by  changing 
temperature  due  to  increasing  altitude.  Richards  quotes  from  various  sources  a number  of 
tables  relating  to  altitudinal  zones  in  different  parts  of  the  world.  Some  of  the  figures  for 
south-east  Asia  are  given  here.  Thus  for  Malaysia  (p.  352)  at  0-200  m.  (approximately 
0-600  feet)  the  ground  is  now  cleared  of  natural  vegetation  but  originally  had  a covering 
similar  to  that  of  the  next  succeeding  zone  at  200-600  m.  This  is  described  as  Dipterocarp 
mixed  evergreen  forest  where  lianas,  especially  rattans,  are  common.  At  600-900  m.  there  is 
a mid-mountain  zone  of  mixed  evergreens  such  as  Quercus,  Neolitsea,  Astronia,  with  abundant 
ground  herbs  and  ferns  together  with  numerous  climbers  and  epiphytes.  Still  higher  is  the 
mossy  forest  zone.  A second  table  (p.  348)  after  van  Steenis,  gives  0-1,000  m.  as  a tropical 
zone  with  typical  tropical  rain-forest  of  which  the  upper  500  m.  is  submontane  rain-forest. 
At  1,000-2,400  m.  montane  rain-forest  prevails  and  above  this  the  tropical  sub-alpine  zone 
leading  on  upwards  through  the  sub-alpine  zone  to  the  climatic  tree-limit.  One  other  series  of 
zones  may  be  quoted  from  New  Guinea,  after  Lane-Poole  (p.  349).  First  comes  the  lowland 
forest  0-1,000  feet,  then  the  foothill  forest  zone  1,000-5,500  feet  at  the  upper  limit  of  which 
small  trees  such  as  Ficus  and  dominant  Dicotyledons  grow.  There  are  also  Conifers  and  a 
ground  cover  of  ferns,  lianas,  etc.  The  mid-mountain  forest,  5,500-ca  7,500  feet,  includes  an 
oak-conifer  association  with  Araucaria  and  Podocarpus.  High  mountain  forest,  10,000  or 
11,000  feet  comes  next,  the  tree  zone  ending  at  about  12,000  feet. 

We  have  considered  briefly  how  plants  are  transported,  often  casually,  to  lowland  sites  of 
deposition  from  a variety  of  altitudes  and  habitats  by  rainwash  and  flood.  Wind  transport  also 
plays  its  part  in  the  formation  of  plant  deposits,  but  in  this  country  it  is  a rarer  factor  in  the 
Tertiary  fruit  and  seed  beds  than  water  transport  and  is  applicable  chiefly  to  the  Bembridge 
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Insect  Limestone  flora,  although  there  is  some  lesser  evidence  of  its  effects  in  the  pipe-clays 
of  the  Lower  Bagshot,  Dorset  and  of  Alum  Bay,  Isle  of  Wight.  Consideration  of  this  subject 
is  therefore  deferred  until  the  Bembridge  flora  is  discussed  when  observations  by  Ridley  will 
again  be  used  to  interpret  the  geology  and  the  plants  represented. 


LOWER  TERTIARY  ‘FLORAS’  OF  THE 
SOUTH  OF  ENGLAND 

i.  LIST  OF  PLANT  BEDS  STUDIED,  WITH  REFERENCES 

The  beds  concerned  come  from  the  following  horizons  given  in  descending  sequence: 

The  Bovey  Tracey  Lignite,  Devon  (Chandler,  1957). 

The  Hamstead,  Bembridge,  Osborne  and  Upper  Headon  Beds  (Reid  & Chandler,  1926; 

Chandler,  1963). 

The  Lower  Headon  Beds  (Chandler,  1925,  1926;  19616). 

The  Barton  and  Hengistbury  Beds  (Chandler,  i960). 

The  Highcliff  Sands,  Boscombe  Sands  and  Bournemouth  Marine  and  Freshwater  Beds 

(Chandler,  1963#). 

The  Lower  Bagshot  (Dorset  Pipe-clay  Series)  (Chandler,  1962). 

The  London  Clay  and  its  Basement  Beds,  the  Oldhaven,  Blackheath,  Woolwich  and 

Reading  Beds  (Reid  & Chandler,  1933;  Chandler,  1961). 

The  Thanet  Sands  (Chandler,  1961). 

As  the  above  work  has  been  carried  out  by  the  same  person  or  by  the  same  in  collaboration 
with  one  other,  there  is  a single  personal  factor  throughout  so  far  as  the  plant  determinations 
are  concerned.  Comparisons  can  therefore  justifiably  be  made.  There  are  of  course  drawbacks 
in  this  to  set  against  the  advantages  of  uniformity  of  treatment.  The  chief  drawback  is  that 
errors  may  be  repeated  unless  attention  is  called  to  them  by  an  outside  agent.  On  the  whole, 
for  the  present  purpose,  the  advantages  seem  to  outweigh  the  disadvantages,  for  it  is  difficult 
to  make  comparisons  where  one  worker  perhaps  emphasizes  affinities  with  living  forms 
whereas  another  underestimates  such  relationships. 

As  well  as  the  straightforward  reports  of  individual  floras  listed  above  there  are  also  papers 
dealing  with  successive  floras  in  a particular  area  as  in  the  case  of  the  Cuisian,  Lutetian  and 
Auversian  plant  remains  of  the  Selsey  Peninsula  (Chandler,  1961a),  papers  dealing  with  a 
particular  plant  or  group  of  plants,  or  with  floras  from  localities  abroad  with  a definite  bearing 
on  the  subject.  Such  are  work  on  the  genus  Stratiotes  from  the  Lower  Headon  to  the  present 
day  (Chandler,  1923);  work  on  the  Schizaeaceae  of  Southern  England  from  the  Palaeocene  to 
the  Bembridge  Beds  (Chandler,  1955);  two  papers  on  woods  from  the  London  Clay  and 
Woolwich  Series  (Brett,  1956;  i960);  one  on  London  Clay  fruits  from  Fehmarn  Island  (Kiel 
region),  Germany  (Chandler,  1958);  one  on  Upper  Cretaceous  and  Eocene  fruits  from  Egypt 
where  London  Clay  species  or  those  closely  related  to  them  were  described  (Chandler,  1954); 
one  on  Maestrichtian  fruits  from  Tropical  Africa  (Chesters,  1955).  In  addition  the  work  of 
Scott  (1954)  on  Eocene  fruits  from  Clarno,  Oregon,  U.S.A.  is  of  immense  importance  and  it 
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is  greatly  to  be  regretted  that  a long  awaited  second  part  of  the  work  on  these  fruits  is  still 
unpublished.  Work  on  Nipa  in  the  New  World  (Berry,  1914,  1916;  Ball,  1931;  Arnold, 
1952;  Dolianiti,  1955)  is  also  most  significant.  Within  the  above  works  there  are  of  course 
references  to  many  papers  by  earlier  investigators  and  others,  as  well  as  papers  dealing  more 
particularly  with  the  geology  and  palaeontology  of  the  beds. 

2.  LIMITATIONS  OF  THE  WORK 

That  researches  such  as  the  above  have  their  limitations  is  only  too  apparent,  perhaps  most 
of  all  to  the  present  writer.  To  begin  with  there  are  inevitable  gaps  in  knowledge,  some  of 
which  are  glaring.  This  is  due  in  part  to  the  perennial  difficulty  of  obtaining  enough  living 
material  from  a sufficient  range  of  genera  and  species  to  make  a full  comparison  with  the  fossil 
material.  Yet  on  such  comparisons  reliable  determinations  and  discovery  of  relationships 
depend.  In  spite  of  the  great  kindness  and  generosity  of  the  authorities  at  Kew  difficulties  still 
remain  where  comparison  must  be  made  with  living  fruits  and  seeds.  For  example,  there  may 
be  only  a limited  amount  of  living  material  which  cannot  be  spared  for  the  intimate  examina- 
tion and  dissection  essential  to  the  understanding  of  the  structures.  Also  there  are  still  many 
herbarium  specimens  on  which  no  fruits  and  seeds  are  found  at  all.  There  is  the  purely  physical 
difficulty  in  a building  where  many  Recent  botanists  congregate  of  asking  for  repeated  access 
to  cupboards  and  sheets  of  plants  without  causing  disturbance  in  someone  else’s  work.  The 
unfortunate  palaeobotanist  ranges  over  a whole  series  of  families  and  sometimes  over  the 
whole  globe  and  so  is  always  on  the  move.  He  or  she  must  therefore  try  to  work  now  in  one 
place  and  now  in  another,  now,  for  example,  in  the  Menispermaceae  or  Leguminosae  and  at 
another  time  in  the  Sabiaceae  or  Cyperaceae. 

One  other  limitation  of  the  Tertiary  studies  by  Reid  & Chandler,  or  the  latter  author 
alone,  is  the  fact  that  in  the  majority  of  cases  they  are  concerned  solely  with  fruiting  organs. 
To  obtain  as  complete  a picture  as  possible  of  a fossil  flora  requires  that  all  plant  organs  be 
investigated.  Yet  at  present  in  the  case  of  the  British  deposits  little,  indeed  almost  nothing,  is 
known  about  the  wood  and  leaf  contents  of  the  beds.  A beginning  has  been  made  on  woods 
by  Brett  (1956,  i960).  It  is  hoped  that  before  long  work  on  some  of  the  famous  leaf  deposits 
will  be  carried  out  at  the  British  Museum.  As  regards  pollen,  which  today  claims  the  attention 
of  so  many  workers,  recent  researches  by  Ma  Khin  Sein  and  Dr.  Jane  Pallot  are  so  important 
that  although  this  is  a treatise  on  fruit  and  seed  work  they  are  briefly  considered  when  the 
character  of  the  London  Clay  and  Bembridge  floras  are  discussed.  A preliminary  report 
on  London  Clay  pollen  by  Macko  (1961)  mainly  comprises  lists  without  supporting 
evidence.  His  brief  notes  certainly  suggest  that,  in  this  case,  a great  deal  more  critical  work  is 
necessary.  Reid  & Chandler’s  use  of  Recent  species  for  comparison  with  fossils  does  not  appear 
to  have  been  fully  understood.  Living  species  are  listed  by  Macko  as  having  similar  fruits  and 
seeds  to  those  found  in  the  London  Clay,  whereas  the  species  were  merely  used  in  many 
instances  to  illustrate  some  particular  character  such  as  variation  of  size  in  a certain  genus 
no  implication  as  to  close  relationship  being  intended.  In  one  case,  Macko  has  even  included 
in  the  list  of  supposed  similar  living  forms  a purely  fossil  species,  Meliosma  jenkinsi.  Although 
it  is  true  that  living  species  mentioned  in  Reid  & Chandler’s  descriptions  show  certain  re- 
semblances to  London  Clay  forms  it  is  quite  obvious  by  reference  to  the  context  that  relation- 
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ship  is  not  necessarily  implied,  so  that  the  preliminary  lists  produced  by  Macko  tend  to  be 
misleading.  It  may  be  noted  that  each  mention  of  a living  species  must  be  considered  on  its 
merits  in  the  context  in  which  it  occurs  without  assuming  that  the  mere  mention  of  a name 
implies  close  relationship.  No  doubt  some  confusion  is  caused  by  the  difficulty  involved  in 
the  use  of  an  unfamiliar  language.  Careful  work  on  pollen  has  a great  contribution  to  make 
since  a capacity  for  travelling  long  distances  is  inherent  in  the  nature  of  these  minute  organs. 
Consequently  studies  based  upon  it  should  have  much  to  contribute  to  our  knowledge  of  the 
more  remote  plant  formations  which  are  important  parts  of  the  vegetation  at  a given  place 
and  time.  This  remoter  vegetation  may  be  less  well  represented  among  the  macrofossils  than 
that  which  grew  close  to  the  site  of  deposition  or  that  which  while  growing  further  away  was 
tough  enough  to  withstand  transport  for  some  distance.  Moreover  plants  whose  fruits  and 
seeds  are  unlikely  to  be  preserved  may  be  represented  by  pollen  so  that  the  two  lines  of 
evidence  while  to  a large  extent  confirmatory  of  one  another’s  results  are  also  complementary. 

Up  to  date,  nothing  at  all  has  been  attempted  on  root  stocks,  tubers,  swollen  adventitious 
roots,  rhizomes  and  such  usually  subterranean  organs.  There  is  a possible  if  somewhat  tedious 
field  for  research  here.  Swollen  adventitious  roots  which  bear  a strong  superficial  resemblance 
to  some  of  the  ‘tubers,  galls,  etc.’  in  the  London  Clay  (Reid  & Chandler,  1933:537,  pi.  33) 
are  borne  on  quite  a number  of  plants  and  can  be  seen  hanging  down  on  the  banks  of  tropical 
rivers.  Examples  of  such  organs  are  visible  on  Pandanus  at  the  edge  of  a pond  in  one  of  the 
hot  houses  in  the  Cambridge  Botanical  Gardens.  Ridley  (1930:  253)  quotes  from  Moseley 
that  on  the  banks  of  an  island  large  masses  of  the  pseudo  bulbs  of  an  epiphytic  orchid  were 
seen. 

The  whole  field  of  the  lower  plants  is  relatively  untouched.  From  it  much  remains  to  be 
learnt  as  can  be  seen  by  reference  to  the  work  of  Szafer  (1961:  177,188)  and  Czeczott 
(1959:  63)  on  the  Miocene  of  Poland  in  which  fungi  characteristic  of  wet  and  very  warm 
climates  are  recorded  growing  on  fossil  leaves. 


3.  POSITION  OF  THE  PLANT  BEDS  FROM  THE  SOUTH  OF 
ENGLAND  DISCUSSED  IN  THIS  SUMMARY 

This  is  shown  in  a Table  reproduced  from  Chandler  (1961:  8)  slightly  modified  to  bring  it 
into  line  with  suggestions  about  the  Woolwich  and  Reading  Beds  made  by  Davis  & Elliott 
(1957).  New  plant  finds  since  1961  have  been  added. 


TABLE  SHOWING  RELATIONSHIPS  OF  TERTIARY  BEDS  IN  DIFFERENT  AREAS 


S 0 

3 a 


o <3 

i:  o 
£3  C‘  u 


i | j:<3  _ 

sfe;  §£  v 

: _ C3  ^ *> 

i •£  3 u C g 
J-s  3 oo  o 
; ^ .=  C/2  *3  ^ 


^ 3 


vvuaim 


*£  ? 
•?  ■■& 
> > 


O - _ 

•c  5 .-< 
co  O 
£ s • 
'w  & 5 

I CO 

"O 


b .s 


•S 


o 


I 


1 4 


Tj-  ^ N |5 
»h  "*  *-•  IS 

^o  V. 

•-  O:-  S 

fe  - fa  E> 


X .60 

i ■;  S 

£ ^ /— s 

. « V 

i B)  ^ *J 
;-0  <.  >. 
, o>  v 

1 m ; 


O 


C 

i-i  l-a 

. C3  ^ O 


«<$  u 


~ CO 

C -o 

co  C 

« 2 


P c 


5 c 
- 2 
!< 


fcfl  C 


a 

>* 

U 


4-*  O 

co  c 

o c 

^ Q 
b o 

n £ *5 

2 o g 

o J2  * 

c -5  +-* 


i m 


GJ  a 

'c 


rn  ^ 


c 

£i  c 


*q 


X ^ 

^ ‘J  u 

2:  co  d 


^ C 


b ►» 
-ft  c 

^ 1 
o CO 

g C 
o X3 
*q  a 


o 

cc 


22 


<3 

cq 


02  o 
a c 
a 

J,  D 

^3 


02 


v 


£ 

C3  ^ "co" 

Q <u 

CO  4-> 

c c'£ 

J3  3 M 
*?■  W “ 

I .£  c 

a -a  <u 

^ -a  fcd 


a 


a -5 


a 

o 

x 


03  O a 


■£  M O 

S .5  2 


k®  o d 

^ h tS 


c 

a 

TEL 

i 

1 

Q3 

? W) 

^ r 

C*  Oh 


3N3D03  H3AVOT 


0^  C 

ts  >*  £ 

> ^ C 

^ lx  . ,2 

^ .S  03  w S w ^ «' 

^ I fi  I w k- 

^ W o ^ C:  ^ ^ 

<3  C3  V ^ 

§ 2 0*-C  < J=  •*  co 

q s;  ^ c,  5 

v q c3  .t:  ^ ^ 

^■SO,U  SU^Q 


5 T3  ^ 

"t;  t_  c 

^ O K 

cj  c .22  ^ 

g x.  “S  &u  >, 
(5  •-  £ c c 
^ ^ .5  o 

^ (O  ^ 

o « i 5 $■ 
^ K ^ ■§  5 
*&  S s g § 


"a 

oq 

o 

»; 

G3 

cq 


*3 


o 
c 
tc 
b o 

-S  02 

O 4^ 
^ a 

ll 

o -5 

^q  Oh 


^1 
-§  "a 
s P 


■8  a 
cq  a 
— 
o .ti 

It 

03  (g 
^ r- 
s £ 
§ 3 


U -O  > 

^ c 

^ ^ Hi 

J -S  o 


z;  c/j  > 

“•o  ? 

£o  OJ  O 

>■“•? 
rt  -m  -C 

TJ  ° 22 
V a a 

1)  co 

a r 


w >_ 

tc  £ 


>*q  0h 


^PQ2 


co  • — 

S £ 


TJ  O 

£ ’? 


CN 

00 


o 

C 

TJ 


O 

U 

iT 

£ 


O 'S'S 


'w 

cq 


M 

c «« 


<lT  ^ 
^ 2 
C0  CO 

2 TJ 
§ § 
a M 
I ^ 
I c 

J2  T3 


S S 
-2 
' 'Oh 


(U 


s s « 

"c  « JJ 

C3  'T'  X 

5 ^ (D 
c C O 

c3  •—  O 

co  a a 


•|  1 6 a 
§*  c « “ 

“5^15* 

Jh  ^ CO  73 

d^2<a 


» U « 


DC 

V II 

l.  II 
btj4 

•2  o 

I 05 

*5  "O 

3 £ 

4-»  C3 

C/3  C/3 


Nvismo 


M.a 

C ‘ 


H 'Z 


a 


3 

2 

5' 


> £ 


o a 


' O 


■<t; 


o S<oS 


o CO 


"2 

Oh 


rt  x 


^3  .ti 
2 -C 


C3 

^ § .■§. 
co&fe; 


<U  4—* 
CO  (U 

lH  CO 
- Ih 

O 


|‘lQ.a 

O -a  "o  tT 

II 


S3 

~§  ^ 
§ 3 
*■3  a 


3 "o 


w (y 

X > 


o M 
C c 
CX  .S3 
° £ 
02  c 
^ C3 

n 

-S  73 

a C 


P3 


^ a •£  « 
° ^ £ 3 

^2^£ 


a 2 

6i3  C 

,S  JS 

■3  a 
2 2 
a £ 


°5  ^ 
§?« 
=S  £ 
? 3 

?U  — l 

a < 


^•3 

.^1 
Ts  -o 

S 2 

ft;  c/2 


NVISaHdA  


Nvixsim 


Nvismo 


MVIS3HJA 


-a  ^ 
TJ  C3 
a>  ^ 
-G  ft; 

£ ^3 


o - 

X . 

TJ 

C 


C3  — 

a § 

<U  c 

E ^ 

S3  5 

ffi  | 

■§  ®T) 

r-  co  O 

^11 

^ a ^ 

§ a £ 

<;•-  rt 

a £ a 


aNHOoavivd 


NVIOVMHVdS  HO 
NviNaaNva  aadda 


NVIOVNHVdS 


NvmaaNvi 
H3AVOT  HO 
NVI13NVHI 


NVIX3NVH1 


a 

o 

U 


a « 

O ^ 

. »H  CO 


o -o 

<u 

a 4_r 

S Q 


o .£ 
« c 

C+H  •- 

o -c 

C3 

E «j 

Is 


a) 

02  TJ 

| £ 

co  C3 

'5b  3 
G o 

« C3 

K s 

c a 

cd  CCJ 

_,  o 

W c 
?£  = 
0 a 

# 4— 


W)  O 

.S  53 

S-H 

03  i>-v 

cu  b* 

' 3 

c U 

Q_  ^ 
aj  ^ 


o ^ 


o 

jO  cj 

^ T3 
CD  OJ 

•s  3 

O TJ 

4-»  C 

c ^ 


Q "S 
o co 

a s 

<L)  > 

£ 

^ o 

<U  V 

^ G 
O 


Ojo 
S > o 

<D  +J  b 
bX)  03  ^2 

c t:  ^ 

2 3 E 

U.  u. 

03  Oh  O 


03 


C/3 


2 c 
aj 

^ n' 
I a 

V M 

c ^ 
a ui 

3 

U 

ai 

G 

u,  O 
<2  33 

OJ 

eg  c/3 
<3  c3 

c a 

,rH  C/3 

I « 

o 7 

-G  CQ 

C/3  ^ 

><  E? 

G 3 
o a 


<o  >> 
d m-z; 

<L>  03  . ^h 

5h  -*-*  r3 
C c/j  iS 

G 


J2  c 

CJ  4— > G 

b g -C 
■2c-° 

-G  • T 03 

■*“*  20  Uh 

C ° cc 

•S  a a 


4)  rt  P 

a - E 

o t <£ 
o c 

to  o 

^ <u  o 
w a c 

> H « 


Ig  a 6X5 

la  *2  2 

2 <2  ^ ci 

.s^C- 

.22  ^ c 

^*b! 

rt  "o  8 
1)0° 
A -P  ’O 
- rt  ° C 

H c 2 

L <u 

c/3  <u  A 
XI  ^ 
SZ  <D 

4-»  (73  — ' 

c ^ e 

<D 

<U  O TJ 

Tii 

-C  ? co 


THE  LOWER  TERTIARY  FLORAS  OF  SOUTHERN  ENGLAND 


H 

4.  LIST  OF  PLANTS  FROM  HORIZONS  WHICH  CONSTITUTE 
THE  LOWER  TERTIARY  FLORA  OF  SOUTHERN  ENGLAND 

For  convenience  one  list  of  the  older  Tertiary  (Palaeogene)  species  and  their  distribution  in 
successive  strata  is  given.  In  paragraphs  which  follow  the  Plant  List  attention  is  called  to 
certain  alterations  and  modifications  in  the  plant  determinations. 

Except  for  three  entries  of  pollen  published  by  the  writer,  based  on  the  wrork  of  Simpson 
and  of  Pallot  and  indicated  by,  p,  before  the  name,  pollen  records  are  not  included  in  this  list 
but  are  accorded  a place  to  themselves  on  pp.  35,  36.  While  the  pollen  expert  deals  mainly  in 
genera,  these  provide  a wealth  of  information,  for  in  many  cases  the  genera  confirm  the  results 
of  work  on  the  larger  fossils  and  in  others  supplement  the  lists  based  on  fruits  and  seeds.  One 
important  point  worth  noting  is  that  whereas  in  certain  instances,  e.g.  Palaeobrugiera,  Caryo- 
tispermum , Cantitilia,  Clausenispermum,  the  worker  on  fruiting  organs  has  refrained,  for 
reasons  included  in  the  descriptions,  from  using  the  Recent  name,  the  pollen  specialist  in  the 
corresponding  cases  has  felt  sufficiently  sure  of  the  material  to  use  it.  Thus  in  the  above 
example  the  corresponding  entry  in  the  pollen  list  is  Bruguiera  and  the  connexion  is  indicated 
by  the  addition  in  brackets  of  the  macrofossil  beside  that  of  the  pollen.  With  the  growth  of 
knowledge  and  confidence  as  work  progresses  the  fossil  variation  of  the  name  will  no  doubt 
be  dropped  on  the  strength  of  the  microfossil  evidence  in  more  and  more  instances,  just  as, 
on  other  grounds,  the  name  Nipadites  has  been  superseded  by  Nipa.  Even  in  the  present 
work  Platycarya  has  been  substituted  for  Petrophiloides  as  the  result  of  further  work  fortified 
by  pollen  evidence. 

The  plant  list  includes  a number  of  entirely  new  records  (see  Appendix)  whether  of 
plants,  localities  or  horizons,  indicated  by  an  asterisk  preceding  the  (plant)  name.  The 
great  majority  of  names  in  the  list  are  based  on  fruiting  organs.  Where  other  vegetative  parts 
have  been  used,  usually  leaves,  / is  prefixed;  If  where  vegetative  and  fruiting  organs  have  both 
been  available.  In  other  rare  instances  r,  signifies  a rhizome;  b,  bud  or  bulbil;  t,  thorn;  w, 
wood.  With  the  exception  of  Sequoia , the  few  entries  of  wood  are  the  results  of  Brett’s 
(1956,  i960)  researches.  Diatoms  and  Characeae  are  omitted  as  are  derived  Carboniferous 
spores  which  occur  in  most  deposits  whether  freshwater  or  marine. 

Only  a few  leaves  of  which  the  writer  has  some  personal  knowledge  of  the  work  done  find 
a place  in  this  list,  e.g.  in  the  case  of  certain  Bembridge  entries.  Otherwise  leaves  are  omitted 
for  there  is  so  little  recent  work  in  the  important  horizons,  Lower  Bagshot  and  Bournemouth 
Beds.  It  is  hoped  that  before  many  years  have  elapsed  other  workers  will  have  remedied  this 
omission  by  research  on  the  Gardner  Collection. 

The  last  column  in  the  plant  list  is  concerned  with  a few  casual  finds  which  do  not  fit  into 
any  of  the  preceding  columns.  Here  AB  signifies  Lower  Bagshot,  Alum  Bay;  ABr  Bracklesham 
Beds,  Alum  Bay;  CW  Cuisian,  Whitecliff  Bay;  H Headon  Hill  (all  the  above  in  the  Isle  of 
Wight).  S indicates  Selsey  from  doubtful  or  unknown  horizons.  The  material  from  beds  dated 
by  marine  organisms  at  Selsey  is  so  important  that  in  spite  of  the  limited  amount  yet  known, 
separate  columns  seem  to  be  justified.  Where  in  these  columns  x lies  on  the  vertical  dividing 
line  a position  on  or  about  the  boundary  of  two  adjacent  horizons  is  signified. 

Where  two  or  more  entries  of  the  same  genus  succeed  one  another,  e.g.  Lygodium  sp., 
Laurocarpum  sp.,  either  there  is  insufficient  evidence  to  relate  them,  or,  more  often,  there  is 
reason  to  think  that  distinct  species  are  represented. 
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Plant  Lists  based  on  Pollen 

The  plant  lists  based  on  pollen  are  taken  from  the  Ph.D.  theses  of  Dr.  Ma  Khin  Sein  and 
Dr.  Jane  Pallot.  The  former  worker  concentrated  on  the  London  Clay  (Alum  Bay,  Whitecliff 
Bay  and  certain  localities  in  the  London  area)  but  included  a few  records  from  the  Woolwich 
Beds  of  North  Kent,  the  Middle  Bracklesham  of  Whitecliff  Bay,  and  the  Upper  Bracklesham 
of  Alum  Bay,  both  in  the  Isle  of  Wight.  The  latter  worked  chiefly  on  the  Bembridge  Beds  of 
Gurnard  Ledge,  Whitecliff  Bay  and  Bembridge  but  also  included  a considerable  amount  of 
work  on  the  Lower  Headon  of  Headon  Hill  and  Totland  Bay,  the  Middle  Headon  of  Colwell 
Bay,  the  Upper  Headon  of  Colwell  and  Whitecliff  Bays  and  the  Hamstead  Beds  of  Bouldnor 
cliff,  all  Isle  of  Wight  localities.  From  the  Osborne  Beds  only  two  genera  (Azolla  and  IRhus) 
have  been  named  as  against  four  different  genera  based  on  macrofossils.  No  macrofossils  are 
known  from  the  Middle  Headon  Marine  Beds  so  the  pollen  record  (Osmundaceae  genus?, 
Anemia , Lygodium,  IBanksia)  are  especially  important.  No  attempt  is  made  to  show  the 
separate  horizons.  Only  those  families  and  genera  which  are  clearly  related  to  definite  Recent 
forms  are  included  but  there  are  many  distinctive  types  still  awaiting  determination.  At  the 
present  time  the  palynologist  is  concerned  chiefly  with  genera  rather  than  with  species  but 
the  theses  indicate  that,  in  some  instances,  several  species  of  a genus  are  present  although  as 
yet  unnamed.  For  the  purpose  of  comparison  with  the  macrofloras  genera  only  can  be  used. 

In  view  of  the  fact  that  Dr.  J.  W.  Franks  has  recently  studied  the  Bovey  Tracey  pollen, 
although  he  has  not  yet  published  his  results,  it  seems  advisable  not  to  include  the 
late  Nils-Erik  Ross’  provisional  lists  quoted  by  Chandler  (1957:  75). 

An  asterisk  in  the  pollen  list  denotes  representation  also  among  the  macrofossils.  In  cases 
where  the  corresponding  macrofossil  is  considered  to  be  a related  but  not  identical  form  the 
representative  form  is  indicated  after  the  pollen  genus  in  brackets. 

The  two  theses  under  consideration  provide  much  useful  information  regarding  the 
phytogeographical  distribution  of  the  plants  they  record  and  the  nature  of  their  habitats. 
Attention  is  called  to  some  of  these  matters  on  pp.  60,  74,  76.  Comparison  of  the  lists  of  macro- 
and  microfossils  is  illuminating  in  that  it  reveals  the  large  measure  of  support  given  by  pollen 
to  the  determinations  based  on  fruits  and  seeds  and  other  larger  plant  parts.  But  it  also  shows 
the  extraordinarily  valuable  complementary  information  which  pollen  and  spores  have 
afforded.  Ma  Khin  Sein  notes  that  in  the  London  Clay  seven  families  and  twenty-four  genera 
are  common  to  the  two  plant  lists,  while  Pallot  observes  that  the  microflora  has  added 
thirty-one  families  and  fifty-two  additional  genera  to  the  Bembridge  list  alone,  but  250  to 
300  pollen  species  are  as  yet  unidentified.  Inevitably  in  the  present  state  of  our  ignorance 
these  numbers  must  not  be  overstressed.  Thus  in  the  Juglandaceae  Reid  & Chandler  were 
obliged  to  ascribe  a number  of  fruits  to  a form-genus  Juglandicarya,  but  some  may  later  be 
referred  to  Recent  genera  as  in  the  case  of  the  pollen. 

We  may  note  in  passing  three  main  reasons  for  the  failure  to  determine  more  definitely 
some  of  the  fruits  and  seeds.  The  first  is  inadequate  Recent  material  for  comparison  and  too 
little  knowledge  of  what  is  available.  The  second  is  the  peculiar  preservation  of  the  London 
Clay  specimens  which  provide  the  largest  sample  and  the  most  fully  representative  therefore 
of  Lower  Tertiary  vegetation.  These  fruits  and  seeds,  so  hard  through  pyritization,  are 
abraded  in  such  very  varied  degrees  that  the  true  exterior  is  rarely  seen  and  their  appearance 
may  differ  therefore  from  corresponding  Recent  material  in  a most  puzzling  manner.  Locule 
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or  seed  casts  with  adherent  patches  of  integument  or  with  incomplete  layers  only  of  successive 
coats  can  baffle  the  investigator  who  does  not  normally  see  specimens  of  Recent  fruits  or 
seeds  abraded  so  as  to  display  successive  coats  or  layers  of  coats,  perhaps  part  of  a mesocarp, 
or  perhaps  an  inner  layer  of  cells,  normally  covered,  of  an  endocarp.  Such  complications  must 
lead  from  time  to  time  to  incorrect  determinations  or  to  failure  to  determine  at  all.  Thirdly, 
where  only  a limited  number  of  species  of  a Recent  genus  are  available  for  study  or  indeed, 
when  as  in  the  cases  of  Nipa  or  Stratiotes  the  Recent  genus  is  monotypic,  there  may  arise  the 
problem  of  assessing  the  significance  of  differences  between  living  and  fossil.  Should  they  be 
regarded  as  of  specific  or  generic  rank?  Can  the  characteristics  of  the  living  genus  be  stretched 
so  as  to  cover  some  slight  variation  which  is  a constant  feature  of  the  fossil?  In  the  case  of 
Stratiotes  the  large  variety  of  fossil  species  at  different  horizons,  each  species  represented  by 
a wealth  of  individuals,  shows  unmistakably  the  true  kinship  of  successive  forms  and  the 
range  of  generic  characters.  At  the  same  time  the  constancy  of  certain  small  details  of  structure 
confirms  the  essential  generic  unity.  The  genus  Nipa  illustrates  the  importance  of  attention 
to  minute  details  in  establishing  identity  as  can  be  seen  in  the  widespread  fossil  forms  recently 
described. 

The  discovery  of  pollen  may  greatly  assist  in  solving  many  problems  of  precise  relation- 
ship. The  case  of  Bruguiera  may  be  used  to  illustrate  this  point.  The  recognition  of  the  actual 
genus  in  the  Bembridge  Beds  lends  a high  degree  of  probability  to  the  equivalence  of  Palaeo- 
bruguiera  to  Bruguiera  itself. 

The  absence  among  the  London  Clay  pollen  of  certain  families  and  genera  which  are 
highly  characteristic  among  the  macrofossils  is  noted  and  commented  upon  by  Ma  Khin  Sein. 
Her  suggested  explanation  of  the  discrepancy  is  quoted  on  p.  61  where  also  her  views  as  to 
the  enhanced  proportion  of  temperate  species  in  the  pollen  are  mentioned.  The  greater 
preponderance  of  American  and  European  forms  is  another  point  she  observes,  but  the 
dominance  of  the  Indo-Malayan  type  of  flora  is  clearly  shown. 


5.  GEOGRAPHY  AND  MODE  OF  DEPOSITION  OF  THE  BEDS 

The  geographical  factor  which  has  determined  the  character  of  successive  plant  deposits  in 
the  Eocene  and  Oligocene  of  Southern  England  is  the  position  of  the  boundary  between  sea 
and  land  at  any  given  time  in  this  region.  The  result  of  a shifting  sea-board  is  that  some  of  the 
beds  are  truly  marine  while  others  are  continental  [in  the  sense  in  which  this  word  was  used 
by  Stamp  (see  p.  42)]  including  both  deposits  of  estuarine  and  freshwater  lagoons  or  lakes 
and  those  of  turbulent  freshwater  stream  channels.  A point  of  importance  from  the  palaeo- 
botanical  standpoint  is  that  the  south  coast  provides  an  almost  continuous  succession  of 
strata.  Hence  by  the  study  of  the  plant  beds  in  geological  sequence  the  history  of  the  vegetation 
can  be  reconstructed,  due  regard  being  paid  to  the  local  geographical  and  ecological  factors 
which  have  modified  plant  life  and  affected  its  preservation  from  time  to  time. 

The  existence  of  an  Anglo- Franco-Belgi an  Basin  of  deposition  with  marginal  deposits  is 
a feature  of  the  utmost  importance  in  the  Eocene  and  Oligocene  in  western  Europe.  Cycles  of 
sedimentation  in  this  area,  due  to  periodic  transgression  and  regression  of  the  sea,  have  been 
described  by  Stamp  (1921 : 108,  146,  194).  It  is  worthwhile  here  to  recall  the  general  sequence 
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TABLE  SHOWING  REVISED  NAMES  OF  CERTAIN  LOWER  TERTIARY 
PLANTS  WITH  APPROPRIATE  REFERENCES 


[-*-  = Transferred  to] 


Original  name 

Revised  name 

Flora 

Osmundites  dowkeri  Carruthers 
(Chandler,  1961) 

Osmunda  dowkeri  (Carruthers) 
(Unpublished  work) 

Thanet  Beds 

Lygodium  sp.  [?]  Filix  Incertae  Sedis 
sp.  2 (Reid  & Chandler,  1926) 

Lygodium  sp. 

(New  opinion  based  on  wider  experience 
of  Lygodium  in  recent  work) 

Bembridge  Beds 

Salvinia  hantoniensis  Chandler  (1925) 

Salvinia  mildeana  Goeppert 
(Chandler,  19616) 

Lower  Headon 

Filix  Incertae  Sedis  sp.  5 
(Reid  & Chandler,  1926) 

Anemia  sp.  (?A.  colwellensis) 
(Chandler,  1955) 

Bembridge  Beds 

Doliostrobus  sp.  ( Araucarites  gurnardii) 
(Reid  & Chandler,  1926) 

Araucarites  gurnardi  Florin 
(Chandler,  1963) 

Bembridge  Beds 

Pityostrobus  sp. 

(Reid  & Chandler,  1933) 

Pinus  bowerbanki  (Carruthers) 
(Chandler,  1961) 

London  Clay 

[Petrophiloides  sp.  ?] 

Sequoia  (?)  shrubsolei  Gardner 

1 Pinus  macrocephalus  (Lindley  & Hutton) 
(Chandler,  1961) 

London  Clay 

(Reid  & Chandler,  1933) 

Sequoia  couttsiae  Heer? 
(Reid  & Chandler,  1926) 

Sequoia  couttsiae  Heer 

(now  regarded  as  established  from  the 
presence  of  this  species  in  older  and 
younger  beds.  Implied  in  list. 
(Chandler,  1963:  330)  ) 

Bembridge  Beds 

Limnocarpus  headonensis  (Gardner) 

Limnocarpus  forbesi  (Heer) 

Hengistbury  Beds, 

(Chandler,  1925,  i960; 
Reid  & Chandler,  1926) 

(Chandler,  1961a,  19616,  1963) 

Barton  Beds, 
Lower  Headon, 
Bembridge  Beds 
Selsey  Beds 
11  or  12 

Cladium  minimum  Chandler  (1925) 

Caricoidea  minima  (Chandler)  (19616,  1962) 

Lower  Headon 

Palmospermum  pusillum 
Reid  & Chandler  (1933) 

Carpolithus  pusillus  Reid  & Chandler 
(Chandler,  1961) 

London  Clay 

Campylospermum  hordwellensis 

Araceae  -»  Theaceae  (Taonabeae) 

Lower  Headon 

Chandler  (1925) 

Spirematospermum  wetzleri  (Heer) 
(Chandler,  1925) 

Spirematospermum  headonense 
Chandler  (19616) 

Lower  Headon 

Spirematospermum  wetzleri  (Heer) 
(Reid  & Chandler,  1926) 

? Spirematospermum  headonense  Chandler 
(or  S.  wetzleri)  (Chandler,  1963) 

Bembridge  Beds 

Orites  sp.  (Chandler,  1926) 

ICarpolithus  gardneri  Chandler  (19616) 

Lower  Headon 

Petrophiloides  richardsoni  Bowerbank 

Platycarya  richardsoni  (Bowerbank)  (p.  no) 

London  Clay 

(Reid  & Chandler,  1933;  Chandler,  1961) 

Atriplex  sp.  (Chandler,  1925) 

Recent  (Chandler,  19616) 

Lower  Headon 

Corydalis  pulchra  Chandler  (1925) 

Hantsia  pulchra  (Chandler)  (i960) 

Lower  Headon 

Brasenia  antiqua  Chandler  (1925) 

Brasenia  spinosa  Chandler  (19616) 

Lower  Headon 

Brasenia  spp.  (Chandler,  1925) 

Embryotegas  of  described  spp.  Now 

Lower  Headon 

omitted.  (Chandler,  19616) 
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Original  name 

Revised  name 

Flora 

Nuphar  ovatum  Chandler  (1925) 

Aldrovanda  ovata  (Chandler) 
(Reid  & Chandler,  1926) 

Lower  Headon 

Menispermum  obliquatum  Chandler  (1925) 

Palaeosinomenium  obliquatum  (Chandler) 
(19616) 

Lower  Headon 

Menispermicarpum  serratum  Chandler 
(1961) 

Cocculus  serratus  (Chandler)  (p.  101) 

Oldhaven  Beds 

Saxifragispermum  spinosissimum 
Reid  & Chandler  (1933) 

Saxifragaceae  —>■  Flacourtiaceae 
(Chandler,  1961) 

London  Clay 

Lauraceae  Genus?  (Chandler,  1961  b) 

Laurocarpum  sp.  (p.  23  to  bring  into  line 
with  other  undetermined  Lauraceae) 

Lower  Headon 

Liquidambar  sp.  (Chandler,  1925) 

Protoaltingia  hantonensis  Chandler  (19616) 

Lower  Headon 

Wetherellia  variabilis  Bowerbank 
(Reid  & Chandler,  1933) 

Linaceae  ->  ?Euphorbiaceae 
(Chandler,  1954) 

London  Clay 

Zanthoxylon  ornatum  Chandler  (1925) 

Rutaspermum  ornatum  (Chandler)  (19616) 

Lower  Headon 

Zanthoxylon  cf.  ailanthoides  Sieb.  & Zucc. 
(Chandler,  1925) 

Zanthoxylon  hordwellense  Chandler  (19616) 

Lower  Headon 

Palaeobursera  sp.  (Chandler,  i960) 

Palaeobursera  sp.  (?P.  lakensis) 
(Chandler,  1962) 

Hengistbury  Beds 

Spondias  sheppeyensis  Reid  & Chandler 
(1933) 

Choerospondias  sheppeyensis  (Reid  & Chandler) 
(Chandler,  1961) 

London  Clay 

Icacinicarya  sp.  1 1 (Reid  & Chandler, 
1933) 

Icacinicarya  forbesi  Chandler  (1961) 

London  Clay 

lodes  sp.  (Chandler,  1925) 

Hodes  sp.  ( INatsiatum  sp.)  (Chandler,  19616) 

Lower  Headon 

Rhamnaceae?  Genus?  sp.  2 
(Chandler,  1925) 

Frangula  hordwellensis  Chandler  (19616) 

Lower  Headon 

Rhamnospermum  bilobatum  Chandler 
(i92S) 

Rhamnaceae  ->  Family?  (Chandler,  1962) 

Meliosma  sp.  (Chandler,  19616) 

Meliosma  sp.  (?M.  sheppeyensis ) 
(Chandler,  1963a) 

Lower  Headon 

Ampelopsis  rotundata  Reid  & Chandler 
(1933),  nomen  nudum 

Ampelopsis  monasteriensis  Kirchheimer 
(Kirchheimer,  1939;  Chandler,  1961) 

London  Clay 

Cayratia  (?)  monasteriensis 
Reid  & Chandler  (1933) 

Parthenocissus  monasteriensis  (Reid  & 
Chandler)  (Scott,  1954;  Chandler,  1961) 

London  Clay 

Parthenocissus  sp.  (Chandler,  1926) 

Parthenocissus  hordwellensis  Chandler 
(19616) 

Lower  Headon 

Tetrastigma  (?)  longisulcata 
Reid  & Chandler  (1933) 

Vitis  longisulcata  (Reid  & Chandler) 
(Chandler,  1961) 

London  Clay 

Vitis  sp.  (Chandler,  i960) 

? Vitis  glabra  Chandler  (i960) 

Hengistbury  Beds 

Actinidia  crassisperma  Chandler  (1926) 

Hordwellia  crassisperma  (Chandler)  (i960) 

Lower  Headon 

Actinidia  sp.  (Chandler,  1962) 

Actinidia  poolensis  Chandler  (1963a) 

Lower  Bagshot 

Actinidia  sp.  (Chandler,  19616) 

Actinidia  eocenica  Chandler  (1963  a) 

Lower  Headon 

Myrtospermum  variabile  Chandler  (1961) 

Cleyera  ? stigmosa  (Ludwig) 

(Chandler,  i960;  1961;  19616;  1963a) 

Woolwich  Beds 

Myrtospermum  boveyanum  Chandler  (1957) 

Cleyera  ? boveyana  (Chandler)  (i960;  1963a) 

Bovey  Lignite 

Myrtospermum  dubium  Chandler  (1957) 

Cleyera  ? dubium  (Chandler)  (i960;  1963a) 

Bovey  Lignite 
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Original  name 

Revised  name 

Flora 

Myrtospermum  cooperi  Chandler  (1961) 

Cleyera  ? cooperi  (Chandler)  (i960;  1961) 

Oldhaven  Beds 

Myriospermum  zcarreni  Chandler  (1961) 

Cleyera  ? warreni  (Chandler)  (i960;  1961) 

Reading  Beds 

Myrtospermum  sp.  (Chandler,  1957) 

? Cleyera  sp.  (Chandler,  i960) 

Bovey  Lignite 

Myrtospermum  sp.  (Chandler,  1961 : 

336) 

ICleyera  sp.  (Chandler,  i960) 

London  Clay 

Myrtospermum  sp.  (Chandler,  1961: 

335) 

Cleyera  ? lentiformis  Chandler  (1963a) 

London  Clay 

Myrtospermum  sp.  (Chandler,  1961: 

108) 

Araceae?  Genus?  (p.  101) 

Oldhaven  Beds 

Hightea  elliptica  Bower  bank  4 
Hightea  turgida  Bower  bank  / 

Myrtaceae?  ->  ? Theaceae  (Taonabeae) 
(p.  121) 

London  Clay 

(Reid  & Chandler,  1933;  Chandler,  1961) 

Daphne  sp.  (Chandler,  i960) 

IDaphne  bournensis  Chandler  (1963a) 

Hengistbury  Beds 

Protonyssa  bilocularis  Reid  & Chandler 

Nyssa  bilocularis  (Reid  & Chandler) 

London  Clay 

(1933) 

(Chandler,  1961) 

Eomastixia  bilocularis  Chandler  (1926) 

Eomastixia  rugosa  (Zenker) 

Lower  Headon 

(Chandler,  19616;  1962) 

Ericaceae.  Andromedeae  Genus?  sp. 

1 

Epacridicarpum  headonense  Chandler  (19616) 

Lower  Headon 

(Chandler,  1926) 

Diospyros  antiqua  Chandler  (1926) 

Diospyros  headonensis  Chandler 

Lower  Headon 

(19616;  1962) 

Oleaceae.  Oleineae  Genus? 

Olea  headonensis  Chandler  (19616) 

Lower  Headon 

(Chandler,  1926) 

Davisella  ehretioides  Reid  & Chandler 

Ehretia  ehretioides  (Reid  & Chandler) 

London  Clay 

(I933) 

(Chandler,  1961) 

Cucurbitaceae  Genus?  (Chandler,  1926) 

Cucurbitospermum  reidii  Chandler  (19616) 

Lower  Headon 

Jenkinsella  apocynoides  Reid  & Chandler 

Apocynaceae?  Asclepiadaceae?  — > Family? 

London  Clay 

(1933) 

(Chandler,  1961;  ?Monocotyledones 
p.  124) 

Lagenoidea  bilocularis 

Reid  & Chandler  (1933) 

Family?  ->  Euphorbiaceae?  (Chandler, 

London  Clay 

Lagenoidea  trilocularis 

r 

1961) 

Reid  & Chandler  (1933)  J 

Samaravectis  ovalis  Reid  & Chandler 

Ranunculus  ovaliformis  Chandler  (1963) 

Bembridge  Beds 

(1926) 

Carpolithus  actinidiformis 

lActinidia  sp.  (Chandler,  1963) 

Bembridge  Beds 

Reid  & Chandler  (1926) 

Carpolithus  nervosus  Reid  & Chandler 

Leguminocarpon  nervosus  (Reid  & Chandler) 

London  Clay 

(1933) 

(Chandler,  1961) 

Carpolithus  stonei  Reid  & Chandler  (1933) 

Durania  stonei  (Reid  & Chandler) 

London  Clay 

(Chandler,  1961) 

Symplocoides  glandulosa  Chandler 
Carpolithus  sp.  3 (Chandler,  1926) 

} 

Dunstania  glandulosa  (Chandler)  (19616) 

Lower  Headon 

Carpolithus  sp.  2 (Chandler,  1926) 

Mastixial  glandulosa  Chandler  (19616) 

Lower  Headon 

Carpolithus  sp.  4 (Chandler,  1926) 

Cornus  quadrilocularis  Chandler 

Lower  Headon 

(19616;  1962) 

Carpolithus  sp.  5 (Chandler,  1926) 

Cornaceae?  Mastixiodeae  Genus? 

Lower  Headon 

(Chandler,  19616) 

Carpolithus  sp.  7 (Chandler,  1926)  \ 

Carpolithus  fibrosus  Chandler  (19616)  f 

Wessexia  fibrosa  (Chandler)  (1963a) 

Lower  Headon 
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of  events  which  he  outlines  when  a sea  transgresses  over  a steadily  sinking  coast-line.  The 
first  stage  is  marked  by  a conglomeratic  deposit  of  coastal  origin  which  ultimately  forms  a 
‘basal  conglomerate’.  This  passes  laterally  in  a seaward  direction  first  into  sands  and  then 
into  finer  deposits.  As  the  sinking  continues  the  ‘coastal’  deposits  overstep  the  sands,  and 
deeper  water  sediments  of  sand  and  clay  succeed  them.  With  continued  transgression  there  is 
simple  continuous  overlap  which  in  due  course  results  in  a vertical  section  in  the  following 
order:  at  the  base  are  the  pebble  beds,  next  come  the  coarse  sands  and  above  them  fine  sands 
and  clays.  One  result  of  such  a succession  of  events  is  that  a palaeontological  zone  may  pass 
in  a lateral  direction  from  clays  and  sands  into  coarse  sands  and  perhaps  even  into  a pebble 
bed.  Differently  expressed  this  may  mean  that  the  basal  conglomerates,  for  example,  are  not 
of  the  same  age  throughout,  as  can  sometimes  be  demonstrated  by  the  fauna.  ‘When  the 
transgressive  movement  of  the  sea  ceases,’  Stamp  writes,  ‘there  is  generally  a tendency  for 
the  basin  to  become  “silted  up”.  This  is  especially  the  case  when  quantities  of  sediment  are 
being  brought  down  from  adjacent  continental  areas.  In  the  neighbourhood  of  a delta  one 
finds  that  the  marine  deposits  pass  gradually  upwards  into  estuarine  beds  with  a brackish 
water  fauna  [as  in  the  Barton-Lower  Headon  passage  beds].  These  are  succeeded  in  turn  by 
lagoon  (brackish  and  freshwater),  lacustrine,  fluviatile,  or  even  aeolian  deposits  - all  sediments 
of  this  nature,  other  than  marine  are  referred  to  as  continental .’  In  other  words,  at  any  par- 
ticular time  three  types  of  sedimentation  are  deposited  concurrently  at  each  successive 
horizon ; marine  in  the  sea  itself,  estuarine  or  lagoonal  in  brackish  water  near  the  boundary  of 
sea  and  land,  lacustrine  or  fluviatile  on  the  land.  However,  not  all  three  types  are  of  necessity 
preserved  at  a given  time  in  the  geological  record  or  revealed  in  available  exposures. 

In  the  oldest  Tertiary  of  England  the  Thanet  Sands  and  Woolwich  Marine  Beds  around 
Herne  Bay  are  believed  to  represent  a true  marine  phase.  Around  the  northern  and  western 
margins  of  the  outcrop  today  lie  the  Woolwich  Estuarine  Beds,  also  recognized  at  Newhaven 
in  the  south-east  of  the  Hampshire  Basin,  while  the  Reading  Beds,  representing  the  fluviatile 
or  freshwater  zone  are  seen  to  the  north,  north-west  and  west  of  the  estuarine  Woolwich 
deposits  with  which  they  may  be  interbedded.  Further  details  of  these  beds  and  their  exposures 
have  already  been  summarized  by  Chandler  (1961 : 10,  12)  where  a map  is  reproduced,  after 
Stamp,  showing  the  general  distribution  of  these  three  types  of  sediment. 

The  depth  of  the  sea  in  which  the  Thanet  Sands  were  laid  down  may  be  judged,  according 
to  Wrigley  (1949:  41),  from  the  presence  of  glauconite,  the  sandy  nature  of  the  sediments  and 
the  enclosed  fauna.  Glauconite  accumulates  below  shallow  water,  with  maximum  production 
at  fifty  fathoms.  The  water  must  be  still  and  deposition  slow  and  unaffected  by  large  rivers 
or  sedimentary  currents,  a point  which  should  be  noted.  Part  at  least  of  the  glauconite  in  these 
Thanet  Beds  may  be  derived  from  unweathered  Lower  Greensand.  This,  together  with  the 
Gault,  appears  to  be  the  main  source  of  the  beds  and  apparently  there  is  no  evidence  of 
derivation  from  older  rocks  than  these.  The  mollusca  as  well  as  the  sediments  suggest  a 
shallow  sea  and  the  fishes  are  decidedly  littoral,  tropical  and  sub-tropical.  Wrigley  is  emphatic 
in  regarding  the  Corbula  regulbiensis  or  Woolwich  and  Reading  bottom  bed  as  part  of  the 
Thanet  Sands,  while  he  interprets  the  typical  Woolwich  and  Reading  sediments  as  the 
terminal  lagoonal  and  continental  phases  respectively  of  the  Thanetian  sedimentary  cycle. 
The  adjacent  land  surface  appears  to  have  been  sandy,  low  lying,  without  evidence  of  cliffs. 

In  a paper  which  appeared  when  Chandler’s  recent  work  (1961)  on  the  London  Clay  and 
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older  Tertiary  floras  was  still  in  the  press,  Davis  &:  Elliott  (1957)  made  an  illuminating  con- 
tribution to  the  understanding  of  the  Palaeocene  and  London  Clay  as  represented  in  this 
country  and  in  north-west  Europe.  Like  Stamp,  they  emphasize  the  facies  changes  and 
frequent  variations  between  marine,  brackish  and  continental  environments  over  limited 
areas  in  the  lower  Tertiaries  of  France,  Belgium  and  England.  They  point  out  that  ‘stage 
names’  used  by  earlier  geologists  are  based  on  lithologically  or  palaeontologically  conspicuous 
but  incomplete  successions  in  the  different  regions  of  the  main  basin.  In  regard  to  the  relation- 
ship of  these  distinctive  beds  there  appears  to  be  no  general  agreement  at  the  present  time. 
There  is  overlapping  terminology  corresponding  to  the  changing  facies  complicated  by 
differences  of  opinion  as  to  the  relationship  of  these  very  variable  deposits.  In  particular  it 
should  be  noted  that  there  is  more  than  one  viewpoint  about  the  correlation  of  the  London 
Clay  in  the  London  Basin  type  area  with  the  variable  continental  strata.  In  order  to  minimize 
the  present  confusion  Davis  & Elliott  suggest  simplifying  the  classification  of  these  deposits 
bv  restricting  the  term  Palaeocene  to  the  Thanet  Beds  and  sandy  bottom  beds  of  the  Woolwich 
and  Reading  Series  (which  accords  with  Wrigley’s  views  that  they  should  be  grouped  together). 
Succeeding  beds  up  to  and  including  the  well-marked  horizon  with  Nummulites  planulatus 
(Cuisian)  they  consider  might  reasonably  be  grouped  as  Lower  Eocene.  As  the  plants  have  no 
particular  contribution  to  this  complex  subject,  the  Table  on  pp.  12,  13  has  been  adapted  from 
that  published  by  Chandler  (1961 : 8,  9)  so  as  to  incorporate  their  suggestions. 

The  resemblance  between  the  London  Clay  at  the  western  ends  of  the  Hampshire  and 
London  Basins  is  well  known  and  is  not  surprising  in  view  of  the  fact  that  the  two  basins  were 
one  when  deposited  and  have  only  become  separated  by  a chalk  exposure  as  the  result  of  earth 
movement  followed  by  erosion.  Attention  is  called  also  to  the  resemblance  between  the 
London  Clay  of  the  eastern  end  of  the  Hampshire  Basin  and  the  German  clays.  Details  of 
exposures,  and  the  thicknesses  at  different  places,  of  the  London  Clay  in  the  London  Basin 
are  given  by  Davis  & Elliott.  Wrigley’s  five  divisions  (based  on  the  London  area)  are 
described  with  a brief  account  of  their  lithology,  fauna  and  distribution.  These  divisions  were 
merely  touched  upon  by  Chandler  (1961).  Davis  & Elliott’s  account  is  fuller.  They  point  out 
that  in  the  Hampshire  Basin  there  are  indications  of  shallower  seas  with  resultant  more 
variable,  frequently  sandy,  deposits  with  pebble  beds.  Unfortunately  no  two  sections  in  the 
Hampshire  Basin  agree  closely  so  that  correlation  of  the  separate  sections  is  difficult.  The 
fauna  differs  considerably  from  that  of  the  London  Basin.  Towards  the  south-west  marginal 
attenuation  is  noted  with  a tendency  to  overlap  on  to  older  deposits.  Recognizable  plants  are 
few  in  this  western  area  although  drift  wood  occurs.  A valuable  brief  account  of  the  London 
Clay  in  north-west  Germany  and  Denmark  is  included  in  the  paper.  In  Germany  there  is  a 
deep  basin  in  which  the  clays  rest  on  marine  Palaeocene,  and  at  its  centre  marine  sedimentation 
appears  to  have  been  continuous  through  the  Palaeocene  and  most  of  the  Eocene.  At  the 
margins  of  this  region  also  the  Lower  Eocene  is  transgressive  in  the  south  where  the  deposits 
thin  and  extend  over  both  Palaeocene  and  basal  Lower  Eocene  beds  and  in  places  over  even 
older  rocks.  A gulf  of  the  sea  is  generally  believed  to  have  opened  westwards  with  shore  lines 
to  the  south,  east  and  north-east.  Transgression  affected  parts  of  the  North  Sea  area, 
Germany,  Holland,  Belgium  and  the  English  London  Basin.  The  exact  correlation  of  the 
German  beds  with  the  typical  London  Clay  is  not  yet  possible,  but  the  oldest  beds  of  north- 
west Germany  are  probably  older  than  any  known  in  England. 
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Davis  & Elliott  believe  that  both  the  top  of  the  Thanetian  below  and  the  Cuisian  above 
can  be  correlated  in  the  Paris  and  London  Basins,  and  from  this  they  deduce  that  the  French 
Sparnacian  between  these  two  recognizable  horizons  is  equivalent  to  the  English  London 
Clay  and  Reading  Bed  phase,  the  latter  representing  reduced  English  Sparnacian.  Thus  the 
Paris  and  Hampshire  Basins  are  presumed  not  to  have  been  affected  by  marine  invasion 
until  a later  stage  than  the  London  Basin.  There  is  wide  agreement  that  in  Belgium  and  in 
the  London  Basin  the  Ypresian  deposits  are  a little  older  than  the  Sables  de  Cuise.  They 
must  therefore  be  contemporary  with  the  continental  deposits  in  the  Hampshire  and  Paris 
Basins  (in  the  latter,  i.e.  with  part  of  the  non-marine  argile  plastique).  Davis  & Elliott’s 
map  (1957:  272)  shows  the  maximum  extension  of  the  London  Clay  sea  and  illustrates  the 
relationships  outlined  above.  An  interesting  feature  from  the  palaeobotanist’s  standpoint  is 
the  position  assigned  to  the  shore  bounding  the  north-west  margin  of  the  sea.  It  is  drawn 
approximately  along  a line  between  a point  just  south  of  the  Wash  in  East  Anglia  and  Lyme 
Bay  in  south-west  England.  Behind  this  coast  line  the  authors  indicate  the  lowland  tropical 
London  Clay  rain-forests.  Stamp  (1921:  114)  assumed  the  presence  of  a large  river  flowing 
eastward  in  southern  England  with  a second  flowing  northwards  in  the  Paris  Basin.  Gardner 
also  believed  such  an  English  river  to  have  existed  (1878,  1881)  flowing  from  the  west  even  as 
early  as  London  Clay  times.  Davis  & Elliott,  however,  can  see  no  evidence  of  a single  large 
river  debouching  into  the  sea  in  this  region  and  at  this  period.  They  consider  it  more  probable 
that  their  suggested  coastline  was  drained  by  several  smaller  streams.  To  the  writer  this 
appears  to  be  highly  probable.  It  could  account  for  certain  concentrations  of  plant  debris  at 
particular  spots  since  these  would  naturally  occur  in  the  line  of  the  currents  from  the  various 
river  mouths  or  estuaries.  Thus  at  Bognor  the  current  borne  vegetation  may  have  travelled 
some  distance  from  the  river  mouth  although  the  insect  fauna,  here  abundant,  suggests 
proximity  to  land.  The  Sheppey  fruits  perhaps  floated  from  fifty  to  seventy  miles  if  the  shore 
line  in  Sheppey  times  (Elliott  ex.  lit.)  lay  not  far  west  of  London.  Such  accumulations  of 
fruits,  wood,  leaves,  etc.  beyond  estuary  mouths  are  well  known  as  in  the  oft-quoted  case  of 
the  Ambernoh  river  (cf.  Reid  & Chandler,  1933:  20)  where  plants  were  encountered  some 
seventy  miles  from  the  coast,  or  the  less  spectacular  case  of  Anona  palustris  quoted  by 
Ridley  (1930)  the  seeds  of  which  were  found  by  Guppy  floating  in  the  Gulf  of  Guayaquil, 
Ecuador,  ten  to  twenty  miles  from  the  mouth  of  the  estuary.  Coastal  currents  would  easily 
account  for  drifted  fruits  in  lesser  concentrations  at  other  sites  where  London  Clay  is  today 
exposed. 

To  revert  to  Davis  & Elliott,  from  the  contained  marine  fauna  a boreal  connexion  for  the 
sea  is  assumed  to  have  existed  during  the  earlier  part  of  the  London  Clay  period.  In  the 
London  Basin  the  transgressing  sea  is  represented  by  the  Oldhaven  and  shelly  London  Clay 
Basement  Beds  which  ‘are  probably  of  different  ages  in  different  places,  the  oldest  being 
the  Oldhaven  and  Blackheath  Beds  in  their  type  localities’.  At  a somewhat  later  stage  were 
formed  the  ‘stiff  clays  of  East  Anglia,  North  Kent,  and  Wrigley’s  divisions  1 and  2 of  the 
London  area’.  Only  later  still,  at  about  the  time  when  the  lower  middle  clays  of  the  London 
area  were  laid  down  did  the  sea  transgress  in  a south-west  direction  over  the  Hampshire  Basin 
Reading  facies  so  that  its  ‘waters  merged  with  those  of  a gulf  or  branch  of  the  Tethys  over- 
lying  the  existing  English  channel’.  Their  paper  needs  to  be  studied  in  all  its  wealth  of  detail 
for  a full  appreciation  of  its  value  and  significance.  Meanwhile  it  is  necessary  to  give  the  above 
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summary  before  the  problems  which  surround  the  London  Clay  flora  and  its  successors  can 
be  rightly  understood. 

The  postulated  belated  connexion  with  the  main  body  of  the  Tethyan  Ocean  which 
overlay  the  site  of  the  existing  Mediterranean  and  extended  north  and  south  of  its  recent 
boundaries  appears  to  have  been  somewhat  circuitous  following  the  western  coast  of  France 
where  it  skirted  the  old  Armorican  massif  of  Brittany.  The  actual  channel  uniting  the  Tethys 
and  London  Clay  sea  probably  lay  near  or  south  of  the  existing  Pyrenees  (Wills,  1951 : 50,  51). 
Edwards  (1936:  28)  pictured  a more  direct  connexion  and  this  was  certainly  implied  by 
Reid  & Chandler  (1933).  If  the  position  of  the  London  Clay  shores  postulated  by  Davis  & 
Elliott  is  correct,  inland  from  these  shores  the  ground  probably  rose  gently  to  hills  of  low 
relief  the  core  of  which  was  formed  by  hard  igneous  rocks,  ancient  crystalline  massifs  and 
older  Palaeozoic  beds  which,  although  discontinuous,  formed  the  backbone  of  the  European 
subcontinent  in  pre-Alpine  Europe.  Such  rocks  are  today  represented  by  the  granites  of 
Cornwall  and  Devon,  the  Armorican  massif  of  Brittany,  the  central  massif  of  France,  the 
Vosges,  the  Black  Forest,  the  Harz  mountains  and  other  similar  blocks  in  Germany,  and 
the  Bohemian  massif  in  the  east  (cf.  King,  1962 : 371-395).  Northern  and  eastern  slopes  of  this 
watershed  must  have  drained  into  the  London  Clay  sea,  its  rivers  carrying  down  the  mud 
and  silt  in  which  the  Nipa,  fringing  coasts  and  estuaries,  could  flourish.  From  the  southern 
slopes  of  the  watershed  rivers  must  have  flowed  into  the  main  Tethys  Basin.  Thus  two  coastal 
fringing  Nipa  belts  would  have  been  in  existence  in  the  Lower  and  Middle  Eocene,  for  a 
similar  distribution  of  sea  and  land  appears  to  have  persisted  throughout  the  succeeding 
Lutetian  epoch.  The  first  belt  was  situated  along  the  shores  of  the  London  Clay  sea  south 
of  about  52  0 from  which  were  derived  the  numerous  fruits  from  the  London  Clay,  at  least 
from  division  2 onwards,  in  Essex,  the  London  area,  Sheppey,  Herne  Bay,  Bognor  and 
Portsmouth  (there  is  also  a solitary  record  at  Verwood,  Dorset,  perhaps  drifted).  From  this 
belt  also  came  the  Lutetian  (or  ? Auversian)  fruits  of  Boscombe  and  Hengistbury,  the  Nipa 
leaves  from  the  Lower  Headon  of  Hordle,  as  well  as  the  Cuisian  and  Lutetian  fruits  from 
the  Selsey  Peninsula.  From  these  shores  were  also  derived  Nipa  fruits  in  the  Upper  Cuisian 
grits  of  Belleu,  the  Middle  Lutetian  of  the  Paris  Basin  at  Trocadero,  Vanves  and  Issef,  the 
Bartonian  of  Noirmoutiers  (Loire  Inferieure)  (Fritel,  1922)  and  the  Upper  Cuisian,  Lutetian 
and  Wemmelian  (Bartonian)  of  Belgium  (Seward  & Arber,  1903).  We  may  note  here  that 
although  up  to  date  Nipa  itself  has  not  been  collected  the  associated  ‘London  Clay’  type  of 
flora  occurs  in  the  Kiel  area  of  Germany  between  54 0 and  55 0 north  latitude  (Chandler, 
1958:  354).  It  probably  grew  on  the  southern  coasts  believed  by  Davis  & Elliott  to  have  lain 
just  north  of  Berlin  (i.e.  about  latitude  52  °N.).  The  distance  which  these  fruits  must  have 
been  transported  by  river  currents  debouching  into  the  eastern  area  of  the  London  Clay  sea 
would  in  that  case  have  been  about  170  miles.  The  fruits  which  include  Wether ellia  and 
Mastixia  were  found  lying  on  the  shore  mixed  with  glacial  gravels.  Many  more  fruits  may  yet 
be  discovered  in  this  region. 

The  second  Nipa  belt  occupied  suitable  territory  on  the  shores  of  the  main  Tethys  Basin 
from  whose  northern  sea-board  in  Europe  there  are  the  following  records  to  date:  French 
Cuisian  fruits  of  Gan  (Basses  Pyrenees);  Italian  Upper  Lutetian  fruits  of  Monte  Bolca 
(Vicentin)  and  Bartonian  fruits  of  Ronca  (also  Vicentin)  (Fritel,  1922);  Hungarian  specimens 
from  Transdanubia  [i.e.  that  part  of  Hungary  delimited  on  the  north  and  east  by  the  great 
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right-angled  bend  of  the  River  Danube  and  elsewhere  by  the  Hungarian  boundary].  They 
include  Lower  Eocene  fruits  from  Dorog,  a brown  coal  area  between  Felsogalla  and  Budapest 
(Kovacs,  1957:  187)  and  from  Dudar  near  Veszprem  at  the  north-eastern  end  of  Lake  Balaton 
(Rasky,  1948).  There  is  also  a Nipa  leaf  from  the  Upper  Eocene  of  the  mountains  of  Budapest 
(Rasky,  i960:  437).  Czechoslovakian  fruits  come  from  the  Eocene  of  the  Tatra  Mountains 
south  of  Cracow,  a site  formerly  in  Poland  (Kuzniar,  1910).  The  fruits  from  the  U.S.S.R. 
are  all  from  the  Ukraine:  from  the  Eocene  of  Kiev  (Schmalhausen,  1884),  from  the  Upper 
Eocene  of  Voronovka  on  the  River  Bug  (Krystofovich,  1927)  and  from  the  Eocene  of  Kalinovka 
near  Elizabethgrad  (Krystofovich,  1931).  From  the  southern  shores  of  the  Tethys  there  are  a 
few  African  records:  Egyptian  fruits  of  late  Cretaceous  age  associated  with  a London  Clay 
type  of  flora  at  Kosseir  and  Middle  Eocene  fruits  at  Mokattam,  Cairo  (Chandler,  1954).  In 
Senegal  there  are  Lutetian  fruits  at  Bargny  M’bote  (Fritel,  1922).  The  distribution  of  sea  and 
land  and  of  the  Nipa  areas  outlined  above  is  shown  in  a very  generalized  way  in  the  map 
(Text-fig.  1)  of  which  the  north-western  part  is  based  on  Davis  & Elliott  (1958).  The  rest 
being  deduced  from  de  Lapparent  (1900)  and  Wills  (1951).  No  attempt  is  made  to  draw  a 
precise  shore-line  for  the  Tethys  which  varies  in  detail  at  different  periods  and  according  to 
different  authorities,  but  the  position  of  the  Lower  Tertiary  European  watershed  is  indicated 
as  is  the  distribution  of  the  Nipa- bearing  strata  which  themselves  give  a rough  clue  to  the 
position  of  the  shore-line.  If  the  palaeogeography  of  Davis  & Elliott  is  accepted,  the  only 
alternative  explanation  of  the  Nipa  bordering  the  London  Clay  sea  is  to  assume  that  the  fruits 
were  swept  by  the  Tethyan  current  from  the  second  Nipa  belt  (described  above)  in  the 
Tethys  Basin  around  the  west  coast  of  France  and  distributed  along  the  London  Clay  shore- 
line, a difficult  hypothesis  rendered  unnecessary  by  the  indisputable  presence  of  the  associated 
indigenous  tropical  lowland  continental  flora  in  freshwater  beds  in  Dorset  in  the  Lower 
Bagshot  and  later  Eocene  (see  p.  65)  and  by  the  presence  of  Nipa  in  the  London 
Basin  (division  2,  Chandler,  1961 : 31,  36)  prior  to  the  Tethyan  connexion.  Such  an  hypothesis 
is  indeed  virtually  ruled  out  also  by  the  presence  of  Nipa  leaves  (see  above)  and  the  recognition 
of  Nipa  pollen  in  the  Isle  of  Wight  (Sein,  1961). 

Outside  Europe  and  not  covered  by  the  map  (Text-fig.  1)  there  are  the  more  easily  com- 
prehensible records  of  Nipa  fruits  in  the  Deccan  Intertrappean  Beds  of  Chhindwara  District 
in  the  Central  Provinces  of  India  (Rode,  1933;  Sahni  & Rode,  1937),  the  Tertiary  of  Assam 
(Lakhanpal,  1952)  and  the  PEocene  of  Central  Borneo  (Kraiisel,  1923). 

The  Recent  range  of  Nipa,  after  Ridley,  is  from  the  Sunderabunds  of  Bengal  to  Ceylon, 
Andaman  and  the  Nicobar  Islands,  Malay  Peninsula  and  Islands  to  the  Phillipines,  Australia 
and  Solomon  and  Caroline  Islands.  The  gigantic  branching  rhizomes  lie  half  buried  in  the 
tidal  mud  and  carry  leaves  twenty  feet  long.  Great  clumps  of  these  rhizomes  with  projecting 
leaf  bases  are  broken  off  to  drift  in  the  Malayan  sea.  Ridley  makes  the  further  observation  that 
the  tidal  mud  in  which  alone  the  Nipa  palm  grows  implies  a ‘continent  or  large  island  with 
big  or  at  least  fair-sized  rivers  to  bring  down  that  class  of  silt  which  forms  the  characteristic 
blue  or  grey  mud’.  Hence  he  adds  that  in  Malaya  tidal  mud  plants  ‘are  absent  from  large 
tracts  of  coast  where  big  rivers  are  absent’  (p.  243).  There  is  the  further  illuminating  comment 
‘The  constitution  of  the  shores  of  any  land  depends  on  the  geological  structure  of  the 
interior.  Thus  the  mountains  of  the  west  coast  of  the  Malay  Peninsula  are  of  granite,  with 
a flanking  broken-up  line  of  limestone’.  These  are  eroded  to  form  a thick  mud  ‘suitable  for 
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Fig.  i.  Map  showing  Nipa  localities  along  the  borders  of  the  London  Clay  and  Tethys  seas 
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the  growth  of  mangroves’  and  the  associated  plants,  which  are  abundant,  to  the  exclusion  of 
those  which  belong  to  sandy  shores.  ‘On  the  east  coast  of  the  Peninsula  the  interior  mountain 
ranges  of  granite  are  flanked  outside  with  a range  of  sandstone  which  washes  down  to  form 
sandy  flats.  . . . The  littoral  flora  is  therefore  quite  different  from  that  of  the  west  coast. 
Mangroves  and  tidal  river  plants  are  almost  entirely  absent,  being  found  only  in  a few  rivers 
which  have  brought  down  and  deposited  mud  from  the  interior  granite  hills.’  He  further 
points  out  that  the  extensive  forests  of  Rhizophoraceae  which  are  almost  confined  to  mouths 
of  tidal  rivers  and  muddy  shores  within  tide  marks  also  require  the  same  type  of  stiff  blue 
mud  implying  granite  mountains  in  the  interior.  This  all  seems  to  be  very  comparable  with 
the  suggested  condition  of  the  hinterland  and  coast-line  of  the  London  Clay  and  Tethys  seas. 
Watson,  also  writing  on  mangroves  (1928:  13),  comments  on  the  fact  that  among  them 
Bruguiera  tends  to  replace  Rhizophora  in  ground  which  is  only  flooded  at  spring  tides,  but 
where  ground  is  inundated  exceptionally  only  by  equinoctial  tides  there  Bruguiera  establishes 
itself  with,  as  a rule,  a dense  undergrowth  of  Acrostichum.  Another  London  Clay  plant  of  this 
coastal  region  which  grows  a little  higher  just  above  the  reach  of  the  highest  tides  is  Oncosperma 
although  this  may  also  grow  inland. 

Subsequent  to  the  London  Clay  transgressive  epoch  came  the  regression  of  the  sea  obvious 
in  the  Dorset  and  west  Hampshire  area  from  the  presence  of  the  massive  freshwater  sediments 
known  as  the  Dorset  Pipe-clay  Series  (cf.  Arkell,  1947)  and  the  Bournemouth  Freshwater 
Beds.  From  the  Lower  Bagshot  onwards  the  palaeobotanist  concerned  with  macrofossils  is 
occupied  only  with  the  Hampshire  Basin,  no  such  plant  remains  having  yet  been  found  in  the 
sandy  sediments  of  Lower  to  Upper  Bagshot  or  later  age  in  the  London  Basin. 
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Key  to  Text-figure  i 

Very  approximate  position  of  Lower  Tertiary  European  land  axis  or  watershed  separating  London 
Clay  sea  from  main  Tethys. 

Position  of  ancient  horsts  which  form  the  ‘backbone’  of  this  land  area. 

Approximate  limit  of  first  London  Clay  transgression. 

Limit  of  London  Clay  represented  by  Reading  facies  during  first  transgression,  then  by  London  Clay. 
Lower  Eocene  clays,  delimits  deepest  part  of  London  Clay  sea;  clays  following  conformably  on 
Palaeocene. 

Maximum  extension  of  London  Clay  sea. 

Sites  for  Nipa 

London  and  Hampshire  Basins,  England. 

Paris  Basin. 

Belgium. 

Czechoslovakia  and  Hungary  (for  details  of  sites  see  page  46). 

Ukraine. 

Gan,  France. 

Monte  Bolca  and  Ronca  (Vicentin),  Italy. 

Cairo  and  Kosseir  area,  Egypt. 

Fehmarn  Islands,  Germany. 

(No  Nipa  yet  but  typical  London  Clay  plants.) 
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Although  the  sea  had  now  withdrawn  eastwards  from  the  present  day  coastal  tract  it  was 
never  far  away.  This  is  shown  by  brief  interludes  indicative  of  slightly  brackish  conditions  as 
we  shall  see  later.  But  at  no  subsequent  time  was  there  transgression  westwards  to  the  extent 
which  occurred  when  the  middle  beds  of  the  London  Clay  were  deposited. 

The  subsequent  history  of  the  period  is  one  of  at  least  two  lesser  cycles  of  sedimentation 
and  the  story  ends  abruptly  in  the  Oligocene.  The  Dorset  Pipe-clay  Series  may  be  inferred 
by  their  position  above  the  London  Clay  to  be  of  Lower  Bagshot  (Cuisian)  age.  The  beds  are 
the  typical  deposits  of  a great  flood  plain  watered  by  a river  and  tributaries  subject  to  periodic 
heavy  flooding.  From  this  time  onwards  there  is  evidence  in  the  Hampshire  Basin  of  the 
presence  of  this  river  arising  in  the  west  and  carrying  in  its  flood  waters  sediments  derived 
from  the  decomposition  products  of  the  Devon  granites,  sometimes  coarse  quartzose  sands, 
sometimes  fine  pipe-clays.  The  swollen  river  currents  at  times  also  transported  abundant 
coarse  plant  debris,  much  battered  wood  and  finer  plant  remains,  both  fruits  and  seeds.  Seam 
upon  seam  of  such  fragments  can  be  seen  in  the  cliff  faces  notably  at  Lake  (now  Rockley  Sands) 
near  Ham  worthy  (Chandler,  1962).  These  seams  are  the  typical  debris  of  a river  rising  in 
distant  hills  where  torrential  rains,  perhaps  due  to  thunderstorms  like  those  of  the  Recent 
tropics,  occurred  from  time  to  time.  The  flooded  waterways  then  overflowed  across  the 
low-lying  plains  forming  lakes  and  lagoons  of  varying  size,  often  of  a temporary  character. 
In  the  slack  waters  of  such  basins  the  Pipe-clays  of  Dorset  may  well  have  been  laid  down.  In 
other  areas  of  quiet  sedimentation  where  gregarious  water  and  marsh  plants  flourished  under 
more  permanent  conditions  fine  silts  full  of  carbonaceous  debris  accumulated.  The  Bourne- 
mouth Freshwater  Beds  suggest  somewhat  similar  conditions  although  Gardner  believed  the 
river  valley  to  have  been  narrower  and  nearer  the  sea.  Clearly  the  river  basin  at  this  time 
was  without  the  large  lakes  where  the  finest  pipe-clay  could  settle,  only  small  patches  like  the 
infillings  of  mere  puddles  having  been  noted.  It  is  possible  that  there  were  in  this  region  a 
series  of  mouths  or  channels  as  in  large  recent  estuaries.  The  actual  river  mouth  (or  mouths) 
appears  to  have  lain  beyond  Bournemouth  Pier,  a region  described  by  Gardner  as  debateable 
ground  between  sea  and  land.  From  the  published  evidence  the  Freshwater  and  Marine  Beds 
were  here,  in  part  at  least,  contemporary  but  undoubtedly  the  verge  of  the  land  and  the 
border  of  the  sea  were  fluctuating.  It  is  of  interest  to  note  that  at  the  base  of  the  Bournemouth 
cliffs  between  Sandbanks  and  Alum  Chine  a finely  laminated  carbonaceous  silt  yielding 
remains  of  a monotonous  aquatic  vegetation  is  occasionally  visible  after  storms  have  broken 
down  coast  defences.  On  the  eroded  surface  of  these  silts  lie  the  coarse  sandy  deposits  of  the 
turbulent  river  channel  typical  of  much  of  the  Bournemouth  cliff  section,  at  the  base  of  which 
was  a rolled  conglomerate  of  clay  and  remains  of  rolled  teredo-bored  wood.  In  the  Gardner 
portfolio  in  the  British  Museum  (Natural  History)  is  a sketch  showing  the  dark  beds  below 
the  coastguard  station  which  yielded  in  former  times  so  many  plant  treasures.  The  appearance 
is  that  of  a stream  channel  loaded  with  plant  debris  cutting  across  the  coarser  sediments. 
Again  the  section  at  Branksome  Dene  (Chandler,  1963)  suggests  a channel  carrying  abundant 
plant  remains  in  fine  silt.  These  varied  channels  no  doubt  constantly  changed  their  courses 
and  the  evidence  of  their  former  existence  adds  to  the  confused  effect  of  the  strata  exposed 
in  the  cliff  face. 

The  correlation  of  these  continental  English  deposits  with  those  of  the  European  mainland 
is  even  more  uncertain  than  that  of  the  Palaeocene  and  Lower  Eocene  beds.  Only  further  east, 
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for  example  in  Sussex  in  the  Selsey  area,  are  the  limits  between  Cuisian  and  Lutetian  or 
Lutetian  and  Auversian  approximately  definable,  for  Sussex  remained  an  area  of  marine 
sedimentation  during  these  three  periods  and  the  beds  are  dated  by  the  included  fauna  with 
its  Nummulites. 

The  lesser  marine  transgression  which  began  in  the  upper  or  eastern  part  of  the  Bourne- 
mouth succession  is  evident  in  the  Bournemouth  Marine  Beds  where  once  again  Nipa  is 
found.  This  marine  episode  may  have  continued  throughout  the  time  when  the  Boscombe 
Sands,  with  their  floating  sodden  rafts  of  vegetation  and  the  Highcliff  Sands,  east  of 
Mudeford,  were  being  deposited  culminating  in  the  deeper  water  episode  of  the  Barton 
clays.  During  this  phase  slight  oscillations  of  the  shore-line  are  indicated.  Indeed  Stamp 
(1921:  147,  156)  treats  as  a continental  interlude  the  massive  sandy  beds  at  Boscombe, 
whose  mode  of  formation  is  variously  regarded  as  subaerial  or  offshore,  as  well  as  the  Highcliff 
Sands.  However,  the  latter  contain  scanty  but  definite  remains  of  a marine  fauna  and  the  mode 
of  occurrence  of  the  minute  plant  fragments  suggests  debris  which  has  been  washed  out  to 
sea  from  a neighbouring  land  surface.  We  shall  consider  the  vegetation  of  these  marine 
periods  in  discussing  the  problems  connected  with  the  plant  life  of  the  Tertiary. 

Some  authorities  prefer  to  regard  the  whole  continental  episode  of  the  Dorset  Pipe-clay 
Series  and  succeeding  freshwater  beds  as  one  single  Cuisian  phase,  others  tentatively  place 
the  Dorset  Pipe-clay  Series  in  the  Cuisian  but  distinguish  the  Bournemouth  Freshwater  Beds 
as  Lutetian.  The  position  of  the  Lutetian-Auversian  boundary  also  has  alternative  inter- 
pretations. Two  points  of  view  in  regard  to  the  correlation  of  these  beds  are  given  in  the 
Table  on  pp.  12,  13.  There  appears  to  be  no  final  answer  to  the  problem  at  the  present  time.  The 
two  end  points  that  really  are  clear  in  the  sequence  are  the  London  Clay  below  and  the  Barton 
Beds  beginning  at  Horizon  Ai  of  Barton  above.  Both  Lower  and  Middle  Barton  clays  are 
truly  marine  but  towards  the  top  of  this  series  shallowing  of  the  sea  is  indicated,  estuarine 
conditions  leading  up  to  a minor  continental  phase  in  the  Lower  Headon.  Here  there  are  some 
true  freshwater  deposits  but  towards  the  end  estuarine  conditions  recur.  Bed  10  (the  Leaf 
Bed)  at  Hordle  is  interesting  for  it  has  yielded  the  fruits  and  seeds  of  true  land  plants,  and  at 
the  west  end  of  the  Hordle  cliff  section  near  Beckton  Bunny  it  is  a true  freshwater  deposit, 
the  fruits  occurring  in  a seam  of  decalcified  sand.  At  the  eastern  end  about  two  miles  away 
there  is  evidence  at  the  same  horizon,  Bed  10,  that  the  estuary  mouth  was  near  for  there  are 
plants  indicative  of  the  coastline  such  as  occur  behind  mangrove  swamps.  At  a somewhat  later 
stage  in  the  Lower  Headon  successive  estuarine  beds  with  a limited  halophytic  vegetation  are 
seen  at  the  level  of  Bed  31  wherever  this  horizon  is  exposed.  Finally  these  estuarine  strata  give 
place  to  the  rarely  exposed  Marine  Bed  now  usually  regarded,  on  the  strength  of  the  additional 
fauna  recently  obtained,  as  of  Middle  Headon  age. 

Because  of  the  close  association  of  the  Lower  Headon  with  the  Barton  Beds  and  the 
impossibility  of  drawing  a hard  and  fast  line  between  them  in  the  type  area,  these  freshwater 
and  estuarine  Lower  Headon  Beds  are  included  in  the  Bartonian  in  the  Table  (p.  12)  following 
Wrigley  & Davis  (1937:  220,  pi.  18).  Some  authors,  however,  treat  the  Lower  Headon  Beds 
as  Oligocene.  The  exact  position  of  the  Eocene  and  Oligocene  boundary  is  an  academic 
question  outside  the  scope  of  the  present  work,  depending  as  it  does  on  the  original  definition 
of  Oligocene  by  Beyrich  and  the  equivalence  of  the  English  and  Continental  beds.  It  is  a 
palaeontological  rather  than  a palaeobotanical  problem.  The  plant  remains,  so  far  at  least  as 
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they  are  known  from  fruits  and  seeds  in  the  south  of  England,  give  no  help  at  this  stage  of  our 
knowledge.  Meanwhile  the  onset  of  marine  conditions  once  again  in  the  Middle  Headon  of 
the  mainland  and  the  Isle  of  Wight  serves  as  a useful  natural  boundary  here.  From  this  time 
onwards  there  followed  minor  oscillations  of  the  shore-line  indicated  by  the  brackish,  fresh- 
water and  estuarine  Upper  Headon  Beds  of  Colwell,  the  brackish  water  Osborne  Beds 
presumed  to  have  been  laid  down  in  lagoons  of  varying  degrees  of  salinity  and  the  freshwater 
Bembridge  Series.  These  last  include  limestones  and  marls,  the  basal  beds  of  the  latter  being 
marine,  those  above  freshwater  and  estuarine.  The  marls  pass  up  without  any  real  break  into 
the  Hamstead  Series  and  eventually  in  the  highest  beds  preserved  become  truly  marine.  For 
further  details  see  Chandler  (1963).  Although  the  geography  of  these  later  episodes  has  not 
been  worked  out  in  the  detail  available  for  the  London  Clay,  there  is  reason  to  think  that  the 
climatic  conditions  favoured  the  same  tropical  flora  until  the  onset  of  alpine  mountain  building 
movements  of  the  Miocene. 

The  foregoing  pages  include,  from  a variety  of  sources,  information  which  as  a matter  of 
convenience  is  now  all  grouped  together  in  summary  form.  An  attempt  has  been  made  to 
show  the  background  at  successive  stages  of  the  plants  next  to  be  discussed.  To  compare  mere 
plant  lists  without  reference  to  these  controlling  factors  of  plant  life  must  inevitably  lead  to 
wrong  conclusions.  The  plants  were  once  living  organisms  and  it  is  only  by  considering  how 
and  where  and  why  they  grew  that  a just  appraisal  of  their  significance  and  relationship  to  one 
another  can  be  reached. 


CONSIDERATION  OF  THE  SUCCESSIVE 
PLANT  BEDS  IN  GREATER  DETAIL 

We  pass  from  surveying  the  geography  and  geology  of  the  plant-bearing  beds  to  a consideration 
of  the  floras  they  contain  and  the  relationship  of  these  one  to  another. 


1.  THE  THANETIAN  AND  SPARNACIAN 
(READING  AND  WOOLWICH) 

The  Thanetian  can  be  dismissed  in  few  words  owing  to  the  paucity  of  the  plant  remains 
yielded,  although  it  appears  probable  that  among  the  silicified  rhizomes  and  other  fragments 
new  material  may  be  recognized  at  any  time.  However,  rolled  and  waterworn  rhizomes  may 
be  difficult  to  distinguish  and  determine.  The  sole  vegetation  so  far  known  are  the  large  cones 
of  Pinus  macrocephaliis , smaller  cones  of  P.  prestwichi  and  the  scarce  rhizomes  of  an  Osmunda 
(hitherto  described  as  Osmundites ).  Blocks  of  Palm  Wood  recently  discovered  still  await 
examination  and  description.  These  limited  records  do  not  afford  satisfactory  terms  of  com- 
parison with  other  Palaeocene  floras.  In  particular  there  is  no  evidence  preserved  in  the 
Thanet  Beds  of  the  distinctive  Palaeocene  flora  of  Krystofovich’s  ‘Gelinden  province’  typically 
developed  in  the  classical  Palaeocene  strata  at  Gelinden  in  Belgium  in  beds  somewhat  older 
than  any  preserved  in  England.  For  further  reference  to  this  Gelinden  type  of  flora  see  p.  83. 
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It  may  be  noted  that  of  the  Thanet  Bed  flora  Pinus  macrocephalus  is  probably  present  in 
the  London  Clay  (Chandler,  1961 : 52).  It  may  have  been  a pine  of  coastal  forests  and  therefore 
an  element  of  the  lowland  tropical  London  Clay  flora.  There  is  nothing  impossible  in  this 
suggestion  although  at  the  present  day  Pinus  is  not  normally  a lowland  tropical  genus.  A 
species  grows  behind  the  mangroves  of  Florida  and  to  Dr.  Holttum  I owe  the  information 
that  in  Sumatra  south  of  the  Equator  Pinus  merkusii  is  spontaneous  on  roadside  earth  banks 
from  about  3,000  feet  upwards  and  will  grow  well  and  produce  seeds  in  cultivation  in 
Singapore. 

As  regards  Osmunda , O.  lignitum  is  abundant  in  the  Bournemouth  Freshwater  Beds  and 
in  the  upland  lake  basin  at  Bovey  Tracey.  It  has  not  been  possible  to  discover  whether  there 
is  a relationship  between  the  rhizomes  of  the  Thanetian  O.  dowkeri  and  the  foliage  and 
fruiting  organs  of  O.  lignitum. 

The  history  of  the  Sparnacian  (or  Woolwich  and  Reading  Bed  phase)  in  England  is  so 
closely  bound  up  with  the  London  Clay,  if  Davis  & Elliott’s  interpretation  be  accepted,  that 
the  two  developments  can  best  be  considered  together.  Only  the  marine  Woolwich  bottom 
bed  is  of  Palaeocene  age  (following  these  authors)  and  it  should  be  grouped  with  the  Thanetian. 
The  Woolwich  and  Reading  Beds  proper,  discussed  in  more  detail  by  Chandler  (1961 : 12,  18), 
give  clear,  if  limited,  evidence  of  the  contemporary  plant  life  of  land  and  marsh,  brackish  and 
freshwater.  The  climatic  conditions  were  comparable  with  those  indicated  by  the  plants  of 
the  London  Clay,  which  is  a natural  corollary  to  the  conclusions  reached  by  Davis  & Elliott 
as  to  the  relationships  of  the  two  phases.  Woolwich  and  Reading  plants  also  found  in  the 
London  Clay  are  C ley  era}  stigmosa  (recorded  doubtfully  in  1961  but  almost  certainly  correctly 
determined),  }Oncoba  variabilis,  Natsiatum  eocenicum,  Mastixia,  abundant  Lauraceae,  Sequoia 
couttsiae.  Most  of  these  may  represent  a tropical  lowland  flora.  A few  - Sequoia , Natsiatum  - 
may  be  mountain  species  of  the  tropics  as  are  Liquidambar palaeocenica,Phellodendron  costatum, 
Abelia  palaeocenica,  Sambucus  sp. 

The  existence  of  a tropical  lowland  climate  is  further  substantiated  by  the  presence  of 
Anemia  subcretacea  and  Lygodium  and  not  least  by  the  anatomy  of  the  wood  described  under 
the  name  Quercinium  porosum  by  Brett  (i960:  86),  who  also  mentions  wood  of  tropical  type 
belonging  to  Anacardiaceae.  Evidence  for  the  presence  of  an  upland  element  is  strengthened 
by  the  addition  of  wood  of  temperate  type  (Brett,  i960:  91).  This  question  of  mixed  floras  is 
further  discussed  when  considering  the  London  Clay  to  which  we  now  turn. 

2.  THE  LONDON  CLAY 

It  is  the  largest,  best  known  and  most  important  of  the  English  Tertiary  floras. 

The  list  of  plants  in  the  megaflora  revised  and  brought  up  to  date  is  given  on  pp. 
16-34  (column  6).  It  includes  some  corrections  of  former  erroneous  determinations  and  a few 
important  species  now  described  for  the  first  time.  Some  of  these  are  of  special  significance 
when  comparing  the  London  Clay  with  other  Tertiary  floras.  Two  carbonaceous  seeds  found 
by  Curry  are  described  (pp.  117,  119,  PI.  3,  figs.  12,  13,  16)  from  beds  rich  in  mollusca 
at  Holtwood,  Dorset.  This  locality  lies  further  west  than  any  which  have  previously  yielded 
recognizable  plants,  although  drift  wood  at  this  end  of  the  Hampshire  Basin  is  not  uncommon. 
The  apparent  absence  of  the  familiar  fruits  and  seeds  here  may  be  because  they  were  not 
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highly  pvritized.  Few  fragile  carbonaceous  specimens  would  survive  the  battering  received 
in  the  coarse  sandy  matrix  of  this  area  in  spite  of  the  proximity  of  the  western  land  surface. 
Possibly  also  if  they  are  scattered  as  sparsely  as  the  pyritized  fruits  elsewhere  they  may  be 
difficult  to  detect  in  a quarry  face. 

The  account,  after  Ridley,  of  the  transport  and  dispersal  of  Recent  fruits  and  seeds  given 
on  p.  4,  together  with  that  of  the  mode  of  accumulation  of  plant  debris  off  shore  beyond  the 
mouth  of  rivers  or  estuaries,  make  it  clear  that  a marine  deposit  like  the  London  Clay  must 
almost  inevitably  include,  when  plants  are  present  at  all,  an  admixture  of  lowland  and  upland 
species.  It  may  be  possible  either  by  taxonomic  affinity  or  by  the  structure  and  anatomy  of 
wood  and  leaves  to  discover  to  which  altitudinal  zone  of  vegetation  some  at  least  of  the  plant 
fossils  belonged. 

In  fact  there  are  instances  when  both  lines  of  evidence  can  be  used  as  in  the  case  of  the 
wood  of  temperate  type  with  growth  rings  obviously  belonging  to  an  upland  flora  and  deter- 
mined as  Cercidiphyllum  (Brett,  1956).  There  certainly  are  cases  where  taxonomic  affinity 
alone  may  be  insufficient  to  decide  whether  lowland,  submontane,  or  even  montane  species 
are  represented,  for  many  genera  have  species  living  at  different  altitudes  with  little  that  is 
distinctive  in  their  fruits  and  seeds  to  indicate  to  which  Recent  species  they  are  most  nearly 
related.  The  mixed  character  of  the  London  Clay  flora  was  recognized  even  in  1933  by 
Reid  & Chandler.  Thus  they  state  (p.  101)  of  Cephalotaxus  ‘all  [species]  are  natives  of  the 
mountains  of  China  and  Japan  . . . the  habitat  of  the  living  species  [combined  with  the  rarity 
of  this  genus  among  the  London  Clay  plants]  suggests  that  it  may  have  been  washed  into 
the  Eocene  river  by  chance  from  some  distant  source,  possibly  from  forest-clad  mountains’. 
And  again  (p.  65)  ‘The  only  species  with  cooler  affinities  which  is  really  abundant  is  Petro- 
philoides  RichardsoniV . This,  however,  seems  to  have  been  an  understatement  as  there  are 
abundant  seeds  of  the  undoubted  mountain  genus  Magnolia  for  example.  The  succeeding 
sentence  nevertheless  sums  up  the  situation  correctly:  ‘It  is  true,  as  we  have  seen,  that  there 
is  an  admixture  of  tropical  lowland  genera  with  others  which  may  also  be  montane,  or  alter- 
natively, extratropical,  but  such  an  admixture  is  only  what  would  be  expected  in  the  drift 
carried  by  a tropical  river,  which  would  sweep  down  debris  from  its  higher  as  well  as  its  lower 
reaches.’  With  this  statement  Brett  (i960:  91)  is  clearly  in  agreement.  Other  purely  extra- 
tropical  genera  noted  by  Reid  & Chandler  (1933,  table  on  pp.  48,  49  - total  11-5%)  were 
Cupressinites , Trochodendron,  Cantitilia  (cf.  Tilia ),  Palaeeucharidium , Dunstania  (cf.  Cornus). 
[Ehretia  was  included  but  must  now  be  omitted  as  it  may  occur  quite  commonly  as  a lowland 
species  in  the  tropics.]  Additional  names  should  certainly  be  added,  notably  the  numerous 
species  of  Magnolia , a genus  essentially  montane  in  tropica1  latitudes,  although  the  family  is 
also  represented  in  the  London  Clay  by  the  exclusively  lowland  tropical  Talauma;  species  of 
Hamamelidaceae,  a family  occurring  at  4,000-5,000  feet  in  Malaya  while  the  Altingia  excelsa 
forests  of  Java  are  said  to  grow  at  3,000-5,000  feet;  Araucarites,  Araucaria  being  found  in 
mid-mountain  forests  of  New  Guinea,  i.e.  above  5,000  feet.  There  are  in  addition  genera  like 
Cinnamomum  which  possesses  mountain  species  but  is  also  common  as  a lowland  tree  of  open 
places  in  Singapore  and  has  lowland  native  species.  Symplocos,  too,  is  often  a mountain  plant 
but  may  occur  in  the  Malayan  lowlands.  Most  genera  of  the  family  Juglandaceae  are  temperate 
in  latitude  and  altitude  although  Engelhardtia  and  Oreomunnea  justify  its  inclusion  as  a family 
having  limited  tropical  connexions.  Engelhardtia  is  found  in  Malaya  at  an  altitude  of  2.000- 
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5,000  feet.  In  a mixed  tropical  megaflora  in  marine  beds  it  is  inevitably  the  lowland  species 
which  predominate  partly  because  the  richest  variety  of  plants  was  in  the  lowlands,  partly 
because  these  plants  grew  nearer  to  the  site  of  deposition.  The  climatic  conditions  at  sea-level 
including  the  maximum  temperature  must  necessarily  be  those  indicated  by  the  warmest 
element  among  the  plants  present.  Reid  & Chandler  expressed  their  opinion  in  these  words 
(1933:  66):  ‘It  is  the  bulk  of  the  flora  which  must  be  taken  as  the  index  of  climate.  The 
evidence  for  tropical  conditions  depends  on  whether  the  bulk  of  the  flora  is  tropical.  If  as  in 
the  case  of  the  London  Clay  it  is  there  can  be  no  doubt  that  a tropical  climate  is  in  question.’ 
This  conclusion  was  based  partly  on  family  relationship  and  partly  on  the  generic  affinity 
(p.  47).  A group  of  five  families  (calculated  as  11%)  were  thought  to  be  entirely  tropical: 
Nipaceae,  Burseraceae,  Icacinaceae,  Flacourtiaceae,  Sapotaceae.  Fourteen  families  (32%) 
were  classified  as  almost  exclusively  tropical : Palmae,  Olacaceae,  Menispermaceae,  Anonaceae, 
Lauraceae,  Meliaceae,  Anacardiaceae,  Sapindaceae,  Sabiaceae,  Elaeocarpaceae,  Sterculiaceae, 
Dilleniaceae,  Myrsinaceae  and  Apocynaceae.  Twenty-one  families  (46%)  were  grouped  as 
equally  tropical  or  extratropical : Araucarineae,  Cupressineae,  Juglandaceae,  Nymphaeaceae, 
Magnoliaceae,  Hamamelidaceae,  Leguminosae,  Linaceae,  Rutaceae,  Euphorbiaceae,  Celas- 
traceae,  Vitaceae,  Tiliaceae,  Lythraceae,  Nyssaceae,  Myrtaceae,  Cornaceae,  Epacridaceae, 
Symplocaceae,  Boraginaceae  and  Solanaceae. 

In  all  such  groupings  the  personal  factor  inevitably  comes  in  and  no  two  workers  would 
classify  in  precisely  the  same  way.  Thus  in  the  first  group  the  Burseraceae  might  well  be 
transferred  to  the  families  almost  exclusively  tropical.  But  a truer  picture  would  be  given  if 
the  important  section  Spondieae  of  the  Anacardiaceae  were  included  among  the  tropical 
families  as  is  also  the  case  of  the  Mastixioideae  of  the  Cornaceae,  only  a few  Mastixias  growing 
at  altitudes  of  3,000  to  4,000  feet.  To  the  purely  tropical  group  must  now  be  added  the  Rhizo- 
phoraceae  (three  species),  while  the  Schizaeaceae  come  near  to  qualifying  for  inclusion  there. 
The  undetermined  genus  of  Rhizophoraceae  (Chandler,  1961:  271,  pi.  32,  figs.  25-29)  is 
now  known  to  be  common  at  Sheppey. 

To  the  second  group  of  families  Cucurbitaceae  (four  species)  can  now  be  added.  According 
to  Good  it  is  largely  tropical  except  for  a few  widespread  genera.  Ridley  records  that  its 
representatives  climb  on  river  banks  in  the  Malay  Peninsula.  The  largely  tropical  character 
of  the  Euphorbiaceae  might  also  justify  the  inclusion  of  this  family  here  since  it  is  only  owing 
to  one  or  two  wide-ranging  genera  like  Euphorbia  that  it  enters  temperate  regions.  Sabiaceae, 
although  growing  in  tropical  lowlands,  has  representatives  at  extratropical  altitudes. 

As  to  the  third  group,  families  equally  tropical  and  extratropical,  the  Juglandaceae, 
Magnoliaceae  and  Hamamelidaceae  have  already  been  mentioned  as  largely  temperate  in 
latitude  and  altitude.  The  inclusion  of  Leguminosae  and  Vitaceae  here  may  be  misleading, 
for  Leguminosae  are  richly  represented  in  the  vegetation  of  tropical  lowlands  and  their  rarity 
in  the  London  Clay  may  be  largely  a question  of  preservation  (see  p.  66).  Vitaceae  too  has  an 
abundance  of  species  in  the  tropics  and  comparatively  few  temperate  species.  For  Myrtaceae, 
Theaceae  must  now  be  substituted  as  most  of  the  seeds  and  fruits  regarded  as  Myrtaceae, 
including  Hightea,  are  now  transferred  to  the  section  Taonabeae  of  Theaceae. 

These  family  lists  could  be  rearranged  indefinitely  according  to  the  stress  laid  upon 
exceptional  distribution  in  the  mind  or  experience  of  the  investigator. 

As  to  genera,  evidence  was  based  on  those  still  living  and  those  (termed  ‘representative 
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genera’)  most  clearly  allied  to  extinct  forms.  Seventy  such  were  tabulated  in  1933  and  their 
present-day  regional  distribution  was  shown  in  twenty-three  columns.  Three  additional 
columns  showed  the  habitat,  whether  lowland  tropical  only,  both  lowland  tropical  and  extra- 
tropical  in  latitude  or  altitude,  and  extratropical  only.  The  last  group  have  already  been 
discussed.  Purely  lowland  tropical  wrere  given  as  47%  of  the  whole  and  included  Oncosperma, 
Caryota,  Nipa,  Erythropalum,  Barclaya,  Tiliacora , Tinomiscium  (two),  Tinospora,  Hypserpa , 
Endiandra,  Ravensara,  Clausena,  Canarium,  Bursera,  Cleidion,  Dracontomelon,  Sclerocarya, 
Spondias,  Odina,  Phytocrene,  Chlamydocarya,  Allophylus , Dombeya,  Trochetia , Tetracera , 
Oncoba,  Lagerstroemia,  Ochrosia.  Some  of  these  names  were  included  twice  for  purposes  of 
the  calculation  of  the  percentage  because  two  separate  extinct  genera  were  most  nearly  allied 
to  the  same  living  genus.  Hugonia  must  now  be  omitted  so  is  not  quoted  above,  as  the  relation- 
ship of  Wetherellia  is  transferred  from  Linaceae  provisionally  to  the  Euphorbiaceae. 

The  rest  of  the  plants  determined,  41-5%,  were  both  tropical  and  extratropical. 

The  figures  for  regional  distribution  based  on  the  results  obtained  in  1933  showed  a 73% 
relationship  with  the  Malay  Islands,  67  and  66%  respectively  with  the  Malay  Peninsula 
and  Further  India,  61%  with  India  and  Ceylon,  53%  with  South  China  and  Burma,  36%  with 
Japan  and  North  China,  31%  with  the  Himalayas.  The  Australian  relationship  was  fairly 
strong  with  41%  as  was  the  tropical  African  with  39%.  Eastern  and  Western  United  States 
of  America  had  16%  and  7%  respectively  and  Central  America  together  with  the  West  Indies 
and  South  America  were  20  and  21%  respectively.  Madeira  and  the  Canaries  showed  no 
connexion,  Madagascar  plus  the  Mascarene  Islands  had  30%  and  the  Phillipines  27%.  Thus 
by  far  the  strongest  connexion  lay  with  tropical  and  subtropical  south-east  Asia.  The 
percentages  quoted  while  conveying  a clear  idea  of  the  affinities  in  general  terms  are  all  subject 
to  modification  in  view  of  newly  added  determinations  or  corrections  of  former  ones.  The 
numbers  of  fossils  on  which  the  calculations  had  to  be  based,  whether  in  terms  of  families, 
genera  or  species,  are  so  small  that  even  one  or  two  additions  or  corrections  affect  the  figures. 
Statistical  methods  can  only  be  wholly  satisfactory  when  very  large  numbers  are  available 
and  no  Tertiary  macroflora  in  this  country  can  produce  figures  on  an  adequate  scale.  The 
London  Clay  is  one  of  the  largest  but  it  has  only  about  fifty-seven  families,  140  genera  and 
500  species.  When  dealing  with  such  small  numbers  further  work  may  lead  to  modification 
of  the  percentages  calculated  which  will  thereby  be  changed  here  in  a greater,  and  there  in  a 
lesser  degree.  There  are  so  many  variable  factors  which  conduce  to  change:  knowledge  of 
additional  Recent  species,  better  methods  of  assessing  relationship,  the  addition  of  new  fossil 
species  or  of  better  material  of  the  old  calling  for  revised  determinations  are  some  of  these. 
The  connecting  of  fossil  species  with  living  geographical  or  regional  groups  must  inevitably 
be  subjective  to  a great  extent  and  therefore  again  liable  to  modification,  especially  when  the 
relationship  of  an  extinct  species  to  one  or  more  than  one  living  genus  has  to  be  decided. 
When  one  considers  that  the  phanerogamic  flora  of  Malaysia  (which  includes  the  Malay 
Peninsula  and  New  Guinea)  has  about  20,000  species,  while  even  the  Malay  Peninsula  alone 
has  not  less  than  9,000  (figures  quoted  by  Richards  from  van  Steenis  & Corner),  one  realizes 
that  in  the  fossil  record  we  are  dealing  with  too  small  a number  to  form  the  basis  of  reliable 
calculations  so  that  the  possibilities  of  error  are  very  great. 

It  is  necessary  further  to  stress  that  calculations  based  on  mere  numbers  may  give  misleading 
results,  for  it  is  essential  to  take  account  as  fully  as  possible  of  the  mixed  character  of  the 
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‘flora’  represented.  Like  must  be  compared  with  like  as  Szafer  (1961)  has  pointed  out.  In 
•view  of  the  above  considerations  I have  deliberately  refrained  from  making  further  percentage 
calculations  on  revised  figures.  It  would  be  a work  of  supererogation  to  do  so. The  question  of 
dating  plant  strata  by  percentage  calculations  will  be  considered  when  discussing  the  age  of 
successive  Eocene  and  Oligocene  floras  in  southern  England. 

After  making  this  wide  digression  about  results  from  percentages  it  can  still  be  asserted 
with  confidence  that,  having  regard  to  megafossils,  the  dominance  of  the  south-east  Asian 
connexion  remains  clear  and  is  strengthened  by  the  new  evidence,  as  is  the  scanty  measure  of 
affinity  with  western  Europe  and  the  northern  latitudes  whether  of  Europe,  Asia  or  America. 
Additional  information  to  be  pondered  over  is  the  recent  discovery  of  Sequoia  couttsiae  in 
the  London  Clay  which  forges  another  link  with  western  America  while  Parthenocissus 
provides  an  additional  connexion  with  both  the  east  and  west  of  that  continent.  The  essentially 
tropical  fern  Anemia , a relict  only  in  the  Old  World  today,  is  strongly  represented  in  the  New. 

A further  indisputable  link  with  tropical  lowlands  is  provided  by  the  discovery  of  abundant 
specimens  of  Rhizophoraceae : with  the  tropical  lowlands  of  south-east  Asia  in  particular  by 
the  fact  that  two  out  of  the  three  members  of  this  family  are  allied  most  nearly  to  Bruguiera, 
a purely  Asiatic  genus.  Talauma,  again  a lowland  tropical  form,  occurs  in  America  as  well  as 
in  Asia,  while  Hibbertia  provides  a further  connexion  with  the  southern  Hemisphere.  The 
extinct  Palaeophytocrene  through  its  connexion  with  living  Chlamydocarya  strengthens  the 
relationship  with  tropical  Africa  and  through  Phytocrene  it  has  of  course  a link  with  tropical 
Asia.  The  African  alliance  was  overlooked  in  the  Table  in  1933.  Alangium  is  palaeotropical. 
Ehretia  has  lowland  tropical  species  in  Malaya.  Natsiatum,  only  lately  recognized  in  the 
London  Clay,  supplies  a further  link  with  south-east  Asia  occurring  at  altitudes  of  2,500  to 
5,000  feet  in  the  Himalayas  and  Burma  and  on  Mount  Omi  in  China.  There  are  at  least 
fourteen  new  Icacinaceae,  which  cannot  yet  be  referred  to  living  genera,  and  although  there- 
fore the  altitudinal  requirements  of  these  additional  species  cannot  be  assessed  the  family  is 
essentially  tropical.  Two  new  species  of  Erythropalum  are  recorded  (a  genus  now  extending 
from  the  Himalayas  to  Malaya).  The  Indomalayan  Cinnamomum  is  enriched  by  two  new 
species  and  there  are  at  least  ten  other  additions  to  the  largely  tropical  family  Lauraceae. 
Six  new  Burseraceae  and  at  least  six  new  Euphorbiaceae  are  described.  There  are  five  new 
Sapindaceae  and  thirteen  additional  Vitaceae  of  which  four  are  Tetrastigma.  To  the 
Menispermaceae  have  been  added  eight  genera  three  of  which  are  living,  the  additions 
involving  thirteen  new  species.  Both  Tinospora  and  Tinomiscium  occur  in  the  Malayan  low- 
lands. Diploclisia  ranges  from  the  Malay  Peninsula  and  Islands  to  India,  Burma  and  Central 
China.  Of  the  predominantly  tropical  Palmae  there  are  additional  species  which  can  as  yet  be 
placed  only  in  the  form-genus  Palmospermum.  Eurya  and  C ley  era  of  the  Taonabeae  occur  in 
tropical  and  warm  America  and  Asia.  The  Mastixiodeae  have  been  enriched  by  two  species 
of  the  extinct  genus  Portnallia.  The  scarcity  of  Leguminosae  and  the  apparent  absence  of 
Dipterocarpaceae  is  strange  in  view  of  the  abundance  of  these  families  in  lowland  tropical 
rain-forest.  The  case  of  Leguminosae  is  further  discussed  on  p.  66.  Their  abraded  fruits  and 
seeds  would  anyhow  be  difficult  to  recognize.  Again  some  Dipterocarps  are  destroyed  by 
immersion  in  salt  water  and  in  any  case  might  easily  escape  detection  when  shorn  of  their 
characteristic  wings. 

Some  comments  by  Ridley  are  informative.  He  writes  that  Dracontomelon  mangiferum 


SUMMARY  AND  SURVEY 


57 


(p.  271)  is  a tree  which  often  grows  on  river  banks  in  the  Malay  Peninsula.  Such  a habitat 
might  explain  why  two  species  of  Dracontomelon  are  among  the  commoner  and  most  un- 
mistakable London  Clay  fossils  in  both  the  Hampshire  and  London  Basins.  Citrus  (p.  204) 
(cf.  Citrispermum ) occurs  in  large  numbers  and  can  float  down  rivers.  Vitis  is  very  abundant  in 
individuals  in  the  tropics  of  the  Old  World  with  only  one  species  in  Europe  (p.  409). 

Many  of  the  London  Clay  species  are  rare,  some  being  represented  by  one  specimen  only, 
others  by  two  or  three  or  very  few.  Rarety  is  not  necessarily  a criterion  of  the  part  played  by 
a plant  in  ancient  vegetation  since  there  must  be  large  numbers  of  species  which  grew  at  a 
distance  from  a watercourse  the  fruits  of  which  found  their  way  into  the  deposit  only  by 
chance.  It  is  also  important  on  the  other  hand  to  remember  the  rich  variety  of  genera  and  species 
which  commonly  occurs  in  a lowland  tropical  rain-forest  combined  with  characteristic  paucity 
of  individuals.  This  rich  variety  of  the  tree  flora  has  frequently  been  noticed  by  naturalists. 

In  1933  the  problem  in  regard  to  the  London  Clay  flora  appeared  somewhat  different 
from  that  with  which  we  are  faced  today.  The  Palaeocene  was  then  believed  to  have  a cooler 
type  of  vegetation  (Reid  & Chandler,  1 933  : 59).  It  was  certainly  not  placed  in  the  relationship 
to  the  London  Clay  now  suggested  by  Davis  & Elliott  (1958).  Today  the  Woolwich  and 
Reading  Bed  flora  is  regarded  as  a warm  one  as  is  the  typical  Palaeocene  flora  of  Gelinden. 
The  Woolwich  and  Reading  Beds  according  to  Davis  & Elliott  may  have  been  in  part  con- 
temporary with  the  London  Clay  so  that  they  represent  its  equivalent  continental  phase  or, 
put  differently,  a part  of  the  land  surface  which  supplied  the  vegetation  for  the  London  Clay 
marine  deposits.  Krystofovich  considered  the  true  somewhat  older  Palaeocene  (Gelinden 
type)  flora  as  somewhat  less  tropical  than  the  Eocene  but  still  warm  and  humid.  Reid  & 
Chandler  (1933:  65-70)  gave  reasons  for  their  belief  (1)  that  the  tropical  London  Clay  flora 
grew'  near  the  region  of  deposition,  (2)  that  plants,  even  extinct  representatives  of  living  forms, 
can  safely  be  regarded  as  reliable  indices  of  climate. 

I do  not  propose  to  repeat  the  arguments  then  used.  Reference  should  be  made  to  the 
published  account.  Additional  support  for  the  view  that  the  plants  grew-  near  the  region  of 
deposition  will  be  found  on  p.  67. 

The  presence  of  a lowland  tropical  flora  at  latitude  52  °N.  approximately  presented  such 
inherent  difficulties  to  Reid  & Chandler  that  they  were  at  pains  to  try  to  discover  the  minimum 
climatic  conditions  under  which  such  a flora  could  theoretically  be  supposed  to  exist.  They 
reached  the  conclusion  that  the  lowest  mean  annual  temperature  possible  for  this  was  70  0 F. 
provided  there  were  frostless  winters  and  suitable  conditions  of  precipitation,  evaporation 
and  seasonal  distribution  of  the  rainfall.  Richards,  one  of  the  leading  authorities  on  tropical 
rain-forest,  while  entirely  agreeing  as  to  the  tropical  character  of  the  London  Clay  flora  and 
the  general  conditions  deduced  expressed  his  very  definite  opinion  (in  a letter  to  W.  N. 
Edwards,  1953)  that  70°  F.  ‘is  certainly  a lower  limit  and  probably  too  low’.  He  added  that 
‘a  good  round  figure  would  be  more  like  77-79°  F.  (25-26°  C.)’.  Dr.  Holttum  kindly  examined 
the  plant  list  and  out  of  his  experience  at  Singapore  also  affirmed  that  the  flora  was  essentially 
tropical. 

The  attempt  to  explain  the  presence  of  a tropical  rain-forest  of  dominant  Indomalayan 
type  so  far  north  can  also  be  read  in  the  original  work  (1933 : 70-82).  The  transgression  of  the 
great  Tethys  sea  was  regarded  as  a most  significant  physiographical  feature  influencing  the 
Tertiary  climate  by  linking  West  Europe  with  the  warm  Indian  Ocean  and  carrying  warm 


58 


THE  LOWER  TERTIARY  FLORAS  OF  SOUTHERN  ENGLAND 


currents  through  the  Obic  Sea  in  the  neighbourhood  of  the  Urals  to  the  Polar  regions.  The 
former  great  extension  of  the  Tethys  is  an  undoubted  geological  fact  which  must  have  exerted 
a considerable  ameliorating  effect  upon  the  climate.  However  it  is  certainly  not  the  whole  and 
possibly  not  even  the  major  part  of  the  explanation.  The  question  of  past  warm  climates  in 
these  latitudes  appears  now  to  be  a greater  one  than  was  then  visualized.  Palaeobotanical 
evidence  has  demonstrated  in  recent  years  that  not  only  in  Europe  but  in  America  as  well  as 
in  western  Asia  a greater  measure  of  warmth  and  humidity  prevailed  in  the  early  Eocene  with 
a northward  extension  of  the  tropical  climatic  belt  far  beyond  its  present  day  limits.  This  has 
been  shown  by  American  workers,  notably  by  Chaney  (1940,  1947),  and  is  vouched  for  in 
Asia  by  Krystofovich  (1957  and  other  works)  whose  researches  and  conclusions  are  further 
discussed  on  p.  82. 

Reid  & Chandler  tried  to  explain  the  dominant  south-east  Asian  affinity  of  the  tropical 
London  Clay  flora  as  the  result  of  the  connexion  between  western  Europe  and  the  Far  East 
by  the  shore  of  the  Tethys.  This  constituted  a highway  for  plant  migration  under  the  favour- 
able climatic  conditions  of  the  London  Clay  period.  A broader  view  must  now  be  taken  of  the 
problem  for  indisputable  Nipa  is  now  known  from  the  Palaeocene  of  Brazil  (Dolianiti,  1955) 
and  the  Mid-Eocene  of  Texas  (Arnold,  1952).  Their  evidence  is  so  convincing  that  Berry’s 
earlier  record  (1914,  1916)  from  the  Lower  Eocene  Wilcox  Beds  of  south-eastern  United 
States  must  be  accepted,  especially  as  it  is  supported  by  Ball  (1931).  Further  a flora  com- 
parable with  that  of  the  London  Clay  and  actually  identical  in  the  matter  of  some  distinctive 
genera  and  species  has  been  described  from  the  Clarno  formation  of  Oregon  by  Scott  (1954) 
at  about  latitude  45  °N.,  and  Dr.  Scott  has  much  important  supporting  evidence  which 
obviously  cannot  be  quoted  in  any  detail  until  it  is  published.  However,  in  a personal  com- 
munication he  lists  the  following  additional  London  Clay  genera : 


Alangium 

Eohypserpa 

Dracontomelon 

Microtinomiscium 

Anonaspermum 

Tinomiscium 

Bursericarpum 

Tinospora 

Cercidiphyllum 

Diploclisia 

Mastixia 

Magnolia 

Mastixicarpum 

Nyssa 

Langtonia 

Palaeonyssa 

Portnallia 

Erthropalum 

Altingia  (cf.  Palaeoaltingia) 

Olax 

lodes 

Citrispermum 

Palaeophytocrene 

Meliosma 

Icacinicarya 

Sapindospermum 

Platycarya 

Trochodendron 

Juglandicarya 

Parthenocissus 

Laurocarpum 

Tetrastigma 

Calycocarpum  (cf.  ICaly cocar purri) 

Vitis 

The  striking  number  of  genera  and  more  especially  of  extinct  or  form-genera  such  as 
Langtonia , Portnallia,  Palaeophytocrene,  Eohypserpa  and  Microtinomiscium  calls  for  no 
comment.  It  proclaims  unmistakably  the  outstanding  similarities  which  must  have  existed 
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in  London  Clay  times  between  the  vegetation  of  the  tropical  belts  of  the  Old  and  New  Worlds. 
Perhaps  most  significant  of  all  is  the  presence  in  the  United  States  of  genera  today  confined 
to  the  Old  World,  viz. : 


Bracontomelon 
Cercidiphyllum 
Mastixia 
Altingia 
lodes  . 

Palaeophytocrene  (cf.  Phytocrene 
Platycarya  (cf.  Petrophiloides) 
Eohypserpa  (cf.  Hypserpa ) 
Tinomiscium 
Diploclisia  . 

Erythropalum 
Trochodendron 
Nipa  (as  stated  above) 


Malaya  to  Fiji 
Japan 

Indomalaya 
China  to  Java 

Tropical  Asia,  Africa,  Madagascar 

Indomalaya,  Chlamydocarya  Africa) 

Temperate  East  Asia 

Indomalaya 

Tropical  Asia 

East  Asia 

Himalaya  to  Malaya 
Japan 

Tropical  South-east  Asia. 


At  an  earlier  stage  even  if  the  less  abundant  evidence  obtained  from  fruits  and  seeds  alone 
is  used,  a warm  humid  flora  is  indicated  in  the  late  Cretaceous  also  (Scott  & Barghoorn,  1957) 
where  Phytocrene  was  found  at  about  40  °N.  latitude  in  the  U.S.A.  The  same  is  true  also  of  the 
late  Cretaceous  of  Egypt  where  a typical  London  Clay  type  of  flora  existed  with  Nipa  itself 
(Chandler,  1954).  The  occurrence  of  a similar  flora  is  less  surprising  in  the  Maestrichtian  of 
Nigeria  and  Sierra  Leone  (Chesters,  1955)  but  serves  to  confirm  that  the  present  climatic 
conditions  of  this  part  of  the  tropical  belt  have  long  persisted.  Striking  support  for  a warm 
Upper  Cretaceous  climate  is  afforded  by  pollen  and  cuticle  fragments  in  the  Flysch  of  Muntigl 
near  Salzburg,  where  Hofmann  (1948)  recognized  mangroves  such  as  Rhizophora , Avicennia 
and  Xylocarpus  and  there  is  Lauraceae  wood  in  the  Upper  Cretaceous  Flysch  near  Vienna 
(Berger,  1953:  136). 

The  problem  of  Tertiary  tropical  climate  is  therefore  a wide  one,  as  was  recognized  by 
Chaney  (1947:  141)  in  his  study  of  successive  American  leaf  floras  where  he  states,  ‘The 
factors  which  brought  such  profound  changes  must  have  been  world-wide  in  operation,  and 
must  have  affected  whole  plant  populations’.  Stated  briefly  it  is  now  necessary  to  explain 
why  a broad  belt  of  tropical  Rain-forest  vegetation  was  found  at  least  in  the  late  Cretaceous, 
Palaeocene  and  Eocene  in  both  hemispheres  with  an  approximate  maximum  extension  up 
to  latitude  50-53°  both  in  America  and  Eurasia.  There  is  some  evidence  that  tropical  Rain- 
forest has  persisted  in  the  equatorial  regions  of  Asia  from  these  earlier  times  (Richards,  1952; 
Kraiisel,  1923).  This  makes  it  unnecessary  to  explain  any  longer  how  an  Indomalayan  flora 
reached  Europe  in  the  London  Clay.  The  probable  sequence  of  events  seems  rather  to  have 
been  the  survival  of  the  flora  chiefly  in  the  Far  East,  where  conditions  have  remained  stable 
in  latitudes  bordering  the  Equator,  but  its  extermination  in  Europe  owing  to  the  cooling 
climate  and  sea  and  mountain  barrier  to  the  south.  The  late  Mesozoic  and  early  Tertiary 
girdle  of  tropical  Rain-forest  has  been  reduced,  interrupted  and  modified  by  changing  dis- 
tribution of  sea  and  land,  changing  climate,  and  development  in  isolation  in  the  other  two 
great  tropical  areas  of  America  and  Africa  which  now  have  many  species,  genera  and  even 
families  peculiar  to  themselves  although  lacking  the  richness  and  variety  of  the  present  day 
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tropical  Asiatic  regions.  One  may  ask  legitimately  whether  the  stronger  affinity  of  the  old 
Eocene  flora  with  this  area  may  be  due  in  part  at  least  to  its  present  day  floristic  richness. 

The  fact  that  the  Tethys  cannot  be  made  to  bear  the  whole  responsibility  for  the  Indo- 
malayan  aspect  of  the  London  Clay  vegetation  is  supported  by  the  belief  that  the  Tethyan 
connexion  with  the  London  Clay  sea  appears  only  to  have  been  initiated  in  the  middle  of  the 
London  Clay  epoch  as  stated  by  Davis  & Elliott  (1957:  271)  and  already  outlined  on  p.  44. 
These  authors  themselves  point  out  that  even  Nipa  predated  the  transgression  which  effected 
the  connexion.  It  certainly  is  abundantly  present  in  Division  2 beds  before  this  date  (Chandler, 
1961:  31)  together  with  the  associated  and  characteristic  London  Clay  flora.  Even  from 
Division  1 there  is  new  evidence  of  Oncoba  (p.  122)  while  the  tropical  Quercinium pasanioides 
(Brett,  i960)  is  also  from  some  of  the  lowest  beds  of  the  London  Clay  in  Suffolk.  The  wide- 
spread character  of  the  expanded  tropical  Rain-forest  belt  in  both  worlds  serves  to  confirm 
unmistakably  that  the  explanation  of  this  particular  past  tropical  climate  must  be  on  a larger 
scale  than  was  visualized  in  1933.  It  is  pre-eminently  the  province  of  the  meteorologist  and 
geophysicist  to  provide  the  answer  to  this  greater  problem  and  no  useful  purpose  can  be  served 
here  by  further  discussion  of  its  causes.  Clearly,  however,  it  is  no  longer  reasonable  to  isolate 
one  small  section  of  the  globe  and  to  treat  its  history  as  a thing  apart.  The  data  relating  to  a 
particular  stage  have  developed  out  of  what  has  gone  before  and  must  equally  be  bound  up 
with  what  came  after.  The  world  is  a unity  and  although  the  evidence  dealt  with  in  this 
discussion  comes  from  the  northern  hemisphere,  the  southern  hemisphere  is  also  part  of  the 
story  which  cannot  be  completed  satisfactorily  while  it  is  ignored  or  incompletely  integrated. 
A full  explanation  must  take  account  of  all  available  evidence  from  whatever  geographical 
area  it  may  come.  Hints  of  the  interconnexion  of  north  and  south  are  given  by  the  occurrence 
of  some  southern  genera.  Compare  the  work  on  pollen  by  Ma  Khin  Sein  (Ph.D.  thesis,  1961) 
which  affords  information  about  London  Clay  plant  life  not  provided  by  the  fruits  and  seeds 
(list  on  pp.  35,  36).  For  example,  she  records  the  definitely  southern  genera  Banksia,  Nothofagus 
and  Restio  (for  Restionaceae  in  the  Lower  Headon  see  Erdtmann,  i960  and  also  comments 
on  the  Bembridge  microflora  p.  74).  Ma  Khin  Sein  regards  Restio  as  an  element  of  the  upland 
flora,  Banksia  and  Nothofagus  also  growing  on  surrounding  higher  ground.  She  reports  seven 
families  and  twenty-four  genera  common  to  the  mega-  and  micro-floras  of  the  London  Clay. 
From  the  pollen  record  she  is  able  to  reaffirm  the  marked  Indomalayan  character  of  the 
London  Clay  vegetation.  She  also  confirms  the  presence  of  the  following  genera:  Sahal, 
Livistona,  Serenoa,  Caryota  [cf.  Caryotispermum ],  Nipa,  Clausena  [cf.  Clausenispermum\ , 
Tiliacora  [cf.  Bowerbankella ],  Odina,  Spondias  [cf.  Choerospondias ],  Meliosma,  Ampelopsis , 
Parthenocissus,  Tetrastigma,  lodes,  Tetracera,  Nyssa,  Alangium,  Mastixia.  More  palms  were 
referred  to  living  genera:  Calamus,  Thrinax,  Phoenix  whereas  except  for  Oncosperma,  Sabal, 
Serenoa  and  Livistona  the  seeds  of  palms  were  left  as  Palmospermum.  Again  it  was  possible 
from  pollen  to  identify  definite  genera  of  the  Sapotaceae:  Mimusops,  Manilkara,  Madhuca, 
IChry  sophy  llum,  Payena,  Sarcosperma,  so  that  knowledge  of  this  family  also  has  been  carried 
beyond  the  form-genera  Sapoticarpum  and  Sapotispermum  of  the  megaflora.  Newly  reported 
from  pollen  are  the  tropical  genera  Anemia,  Lygodium,  Cibotium,  Gleichenia,  Engelhardtia , 
ICastanopsis,  Streblus,  Exocarpus,  Anacolosa,  Ptychopetalum,  lOcthocosmus,  Brucea, 
Purdiaea,  Exothea , Elaeocarpus,  ILeptonychia,  Dillenia,  IWormia,  Gunnera,  Avicennia, 
Streblosa.  Perhaps  one  of  the  most  significant  contributions  from  the  microflora  is  the  re- 
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cognition  of  Avicennia , a true  gregarious  mangrove  now  growing  in  both  hemispheres. 
According  to  Watson  (1928)  Avicennia  is,  with  Sonneratia,  one  of  the  pioneer  colonists  of  the 
mangrove  formation  growing  on  newly  formed  mudbanks,  as  a rule  before  Rhizophora,  and 
forming  a protective  belt  in  front  of  it  adjacent  to  the  sea.  Avicennia  thrives  in  ground 
inundated  by  medium  high  tides  and  tolerates  inundation  by  salt  water  better  than  Bruguiera 
which  grows  behind  it.  Two  species  thrive  within  the  influence  of  rivers  or  grow  in  the  stiff 
mud  of  river  banks. 

In  addition  to  the  tropical  genera  mentioned  Ala  Khin  Sein  reports  a larger  proportion 
of  temperate  plants,  a result  not  wholly  unexpected  on  account  of  the  greater  distances  which 
pollen  can  be  transported  as  compared  with  fruits  and  seeds.  Among  the  temperate  genera 
mentioned  are  Cephalotaxus , Pice  a,  Finns  (spp.),  Cedrus,  Glyptostrobus,  Sequoiadendron, 
Metasequoia , Restio,  Garrya,  Carya,  Pterocarya , Platycarya  ( cf . Petrophiloides),  Alnus, 
Betula,  Corylus,  Carpinus,  Nothofagus,  Celtis,  Gesnouinia,  Platanus,  'iPhellodendron,  Ilex, 
Tilia,  Fremontia , Hugonia,  Sambucus,  Viburnum,  many  of  the  above  being  anemophilous 
forms.  There  are  also  some  aquatic  and  marsh  plants  not  so  far  recorded  among  the  mega- 
fossils: Taxodium,  Typha,  Sparganium  and  Potamogeton.  There  is  a characteristic  abundance 
of  climbers  and  we  may  here  add  a comment  by  Schenk,  which  Richards  quotes,  that  ten- 
elevenths  of  all  species  of  climbing  plants  occur  in  the  tropics  and  are  found  in  clearings  and 
well-lit  places  such  as  river  banks,  whereas  in  Europe  only  2%  of  the  entire  population  of 
flowering  plants  are  climbers. 

Another  interesting  feature  of  the  pollen  flora  is  the  higher  proportion  of  American  plants, 
especially  those  of  south-eastern  United  States  and  Central  America,  many  of  these  the  cooler 
anemophilous  species. 

Ala  Khin  Sein  explains  certain  discrepancies  in  the  plant  lists  provided  by  the  two  kinds 
of  evidence  as  due  in  part  to  various  kinds  of  discrimination  (selection)  in  fossilization:  for 
example  the  susceptibility  of  some  kinds  of  pollen  to  destruction,  an  instance  of  which  is 
afforded  by  the  Lauraceae  so  richly  represented  among  the  fruits  and  seeds,  and  again  to  the 
smallness  of  pollen  in  certain  other  families  as  accounting  for  their  apparent  absence.  Some 
of  the  instances  of  the  latter  are:  Hamamelidaceae,  Euphorbiaceae  and  Flacourtiaceae.  But 
in  other  cases,  Afagnoliaceae,  Anonaceae,  Cucurbitaceae  and  Apocynaceae  she  thinks  that  the 
floral  morphology  or  the  large  size  of  the  pollen  may  exclude  them  from  representation. 

The  bulk  of  Ala  Khin  Sein’s  material  came  from  Whitecliff  Bay  and  Alum  Bay  in  the 
Isle  of  Wight,  more  especially  from  Alum  Bay  where  the  tidal  reaches  of  a river  could  be 
detected  fed  by  smaller  freshwater  tributaries.  A less  amount  of  material  was  from  sites  in 
the  London  Basin:  Sheppev,  Herne  Bay  and  some  pits  near  Reading.  An  interesting  fact 
arising  out  of  her  studies  is  that  no  marked  floral  changes  appear  to  be  discernible  throughout 
the  deposition  of  the  London  Clay,  a conclusion  already  suspected  from  the  macroflora. 

3.  THE  SAAIPLE  FLORAS  WHICH  SUCCEED  THE  LONDON  CLAY. 
THEIR  RELATIONSHIP  TO  ONE  ANOTHER 

The  London  Clay  flora  has  been  discussed  in  considerable  detail  on  account  of  its  outstanding 
importance  due  to  its  large  size  and  to  the  amount  of  information  relating  to  it  which  is  now 
available. 
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For  a long  time  there  was  a distinct  tendency  to  regard  it  as  something  apart,  an  attitude 
attributable  to  a number  of  considerations.  First,  there  was  the  fact  that  it  was  larger  and 
much  better  known  than  other  British  fossil  ‘flora’.  For  instance  in  the  case  of  the  plant  beds 
at  Bournemouth  and  Alum  Bay  little  of  real  scientific  value  has  ever  been  published.  At 
Sheppey,  by  contrast,  Bowerbank’s  work  appeared  in  1840  with  its  wealth  of  detail  and 
accurate  illustrations.  Intensive  collecting  has  been  taking  place  for  over  one  hundred  and 
twenty  years,  attention  having  long  ago  been  called  to  the  fruits  and  seeds  through  the  activities 
of  local  collectors  of  pyrites  from  the  beach  for  commercial  purposes  (known  to  the  women 
and  children  who  collected  as  ‘copperas’).  The  long  stretch  of  coastline  continuously  pounded 
and  sifted  by  the  sea  together  with  this  commercial  stimulus  and  the  persistent  collecting  by 
professionals  and  amateurs  is  in  no  small  degree  responsible  for  the  richness  and  variety  of 
the  plants  known  from  the  deposit.  Further,  Bowerbank’s  recognition  of  the  true  relationship 
of  the  abundant  ‘ Nipadites ’ has  focussed  attention  on  the  plants  and  aroused  an  interest  in 
them  which  has  persisted  for  generations,  aided  and  abetted  by  intensive  search  also  for  the 
animal  remains.  A preliminary  garnering  by  the  sea  of  carbonaceous  plant  remains  would  be 
impossible  for  the  bulk  of  such  specimens  would  not  survive  the  rough  treatment  and  would 
disappear  as  fragments  among  sand  or  shingle. 

Then  again  the  London  Clay  plants  appear  to  occupy  a unique  position  owing  to  the 
peculiarities  of  their  preservation.  As  a result  of  pyritization  every  cavity  whether  of  locule 
or  seed,  of  interspace  between  integuments  or  of  actual  cells  may  be  filled  with  solid  pyrites 
faithfully  reproducing  details  of  structure  not  normally  known  in  fossils.  Although  car- 
bonaceous outer  integuments  have  in  many  specimens  flaked  away  immediately  on  exposure 
to  air,  soft  pulp  cells  are  preserved  in  an  unusual  manner  because  they  are  turgid  with  pyrites. 
A fruit  with  its  pulp  cells  exposed  at  the  surface  inevitably  has  a very  different  appearance 
from  a similar  fruit  with  epicarp  intact  or  with  pulp  cells  decayed.  Despite  the  hardness  of 
pyrites  as  compared  with  carbon  the  continual  action  of  the  sea  on  the  rich  accumulations 
which  lie  on  the  beach  may  reveal  a succession  of  layers  obscure  in  carbonaceous  fossils  or  in 
the  Recent  specimens  used  for  preliminary  comparison.  To  match  such  worn  fossils  with  their 
living  counterparts  is  extremely  difficult  and  may  involve  an  enormous  amount  of  labour 
which  cannot  be  profitably  undertaken  until  there  is  some  idea  where  the  relationship  lies. 
A fruit  represented  by  locule  casts  looks  very  different  from  the  same  with  exocarp  and 
endocarp  present.  It  may  be  necessary  to  interpret  hollows  in  the  fossil  as  convexities  or 
convexities  as  hollows  before  the  structure  can  really  be  understood.  There  is  need  also  to 
guard  against  regarding  films  of  pyrites  between  organic  layers  as  integuments. 

While  many  (probably  the  majority)  of  carbonaceous  fruiting  organs  from  other  deposits 
have  some  measure  of  pyritization,  the  pyrites  is  in  such  cases  disseminated  as  scattered 
crystals  throughout  the  tissues,  hollows  normally  remaining  as  hollows.  Mummified  car- 
bonaceous fruits  extracted  directly  from  deposits  in  which  they  lie  as  in  the  case  of  the  Lower 
Bagshot  or  Lower  Headon  may  more  closely  resemble  their  living  counterparts,  if  only  because 
their  outer  coats  are  preserved,  than  the  battered  London  Clay  fossils  frequently  appear  to  do. 
This  gives  an  immediate  impression  that  the  London  Clay  flora  differs  from  the  vegetation 
found  at  other  Tertiary  horizons. 

In  comparing  two  or  more  fossil  ‘floras’  which  are  near  in  age  and  situation  certain  broad 
features  must  be  borne  in  mind.  Thus,  as  already  stated,  like  must  only  be  compared  with 
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like,  so  that  when  samples  are  from  beds  deposited  at  or  near  sea-level  or  beneath  the  sea  the 
lowland  tropical  elements  of  all  are  comparable,  but  plants  derived  from  montane  habitats, 
some  of  which  as  we  have  seen,  are  likely  to  occur  in  most  lowland  floras,  can  only  be  com- 
pared with  their  montane  counterparts.  A marine  deposit  in  which  strand  plants  have  a 
chance  of  preservation  might  give  a higher  percentage  calculation  of  tropical  lowland  plants 
than  a continental  lowland  deposit  where  the  strand  flora  was  lacking  yet  the  climatic  con- 
ditions indicated  were  the  same.  Yet  again  a tropical  lowland  plant  deposit  which  includes  a 
considerable  proportion  of  upland  species  is  not  thereby  rendered  less  tropical.  Percentage 
calculations  may  be  misleading  here  if  due  attention  is  not  paid  to  this  point.  The  upland 
species  must  not  be  included  in  the  calculation  as  if  they  ‘diluted’  the  degree  of  warmth  or 
humidity,  they  must  be  considered  separately  as  they  represent  different  plant  associations. 
As  Reid  & Chandler  perceived  (cf.  p.  54),  it  is  only  the  warmest  elements  in  a lowland  flora 
which  can  indicate  the  maximum  temperature  and  climate  of  the  flora  concerned. 

Secondly  there  must  be  consistency  of  interpretation.  If  a certain  plant,  or  group  of  plants 
(preferably  the  latter)  occurring  in  more  than  one  deposit  has  a particular  climatic,  ecological 
or  phytogeographical  significance  in  one  of  them,  then  it  must  also  have  the  same  significance 
wherever  it  is  found.  This  point  was  recognized  by  Reid  & Chandler  (1933:  86)  when  they 
stated  ‘a  tropical  flora  of  very  definite  Indo-Malayan  type  established  itself  in  West  Europe, 
which  flora  is  represented  in  the  London  Clay  and  Bournemouth  Beds’,  although  in  actual 
fact  they  had  little  evidence  from  Bournemouth  to  go  upon  except  that  of  Nipa  and  certain 
fern  genera.  Unfortunately  this  and  the  previous  essential  condition  for  the  comparison  of 
fossil  plant  beds  were  not  pressed  to  the  logical  conclusion.  In  consequence  the  authors  were 
misled  to  some  extent  when  using  percentage  calculations  in  a purely  mathematical  manner 
and  relating  them  to  the  age  of  a series  of  fossil  plant  beds.  Figures  derived  from  fossil  floras 
are  not  necessarily  a valid  indication  of  geological  age  without  the  safeguards  discussed  above. 

Thirdly,  if  the  presence  of  a group  of  species  is  evidence  that  sample  floras  A and  B are 
derived  from  the  same  or  similar  parent  vegetation,  then  if  identical  groups  of  species  or 
comparable  groups  having  a similar  climatic  significance  occur  in  sample  floras  B and  C it 
follows  A and  C must  both  have  a relationship  to  the  same  type  of  vegetation  whether  they  do 
or  do  not  have  all  the  same  species  in  common.  Similar  conclusions  can  be  applied  to  fossil 
floras  where  there  are  shared  species  or  groups  of  species  signifying  the  maximum  climatic 
conditions  of  warmth  and  humidity. 

Fourthly,  the  absence  of  certain  species  in  sample  floras  of  intermediate  age  which  are 
present  in  older  and  younger  floras  of  like  character  does  not  necessarily  or  even  probably 
signify  that  these  absent  species  were  not  then  growing  in  the  parent  vegetation  in  suitable 
habitats.  It  may  merely  mean  that  when  a certain  sample  (B  or  C for  example)  was  deposited 
this  species  did  not  happen  to  be  living  on  a site  which  enabled  it  to  reach  the  water  or  other 
medium  of  transport  to  the  site  of  deposition.  Examples  are  afforded  by  Styrax  elegans  and 
Diospyros  headonensis , both  found  in  the  Lower  Bagshot  and  not,  as  yet,  in  younger  deposits 
until  Lower  Headon  times.  Natsiatum  eocenicum  found  in  the  Lower  Bagshot  was  first 
recognized  in  the  Lower  Headon.  Only  recently  has  it  turned  up  as  an  impression  in  the 
Bournemouth  Beds  and  as  a pyritized  endocarp  in  the  London  Clay  (p.  118). 

No  two  sample  floras  are  likely  to  contain  the  same  set  of  constituents  however  closely 
related  they  may  be.  Plants  with  easy  access  to  the  transporting  medium  may  be  found  in 
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most  samples.  They  constitute  ‘common  factors’  which  are  recognized  more  or  less  con- 
sistently, e.g.  Hordwellia  crassisperma,  C ley  era}  stigmosa  at  Bournemouth,  Cliff  End  near 
Mudeford  and  Hordle.  The  occasional  entrant  into  a flora,  of  which  only  one  or  a very  few 
specimens  are  found,  is  probably  a plant  whose  fruits  reach  the  deposit  by  chance,  perhaps  as 
the  result  of  a local  tropical  storm  with  resulting  heavy  rain  wash,  perhaps  through  chance 
rolling  downhill  of  one  or  more  of  its  fruits,  perhaps  through  the  casual  activity  of  a bird  or 
animal.  It  is  necessary  to  bear  in  mind  that  in  tropical  rain-forest  there  is  a rich  variety 
of  genera  and  species  but  often  only  one  tree  or  possibly  a few  of  each.  In  this  respect  the 
constituents  of  tropical  rain-forest  are  totally  unlike  those  of  temperate  deciduous  forests 
which  constantly  have  a single  dominant  form  resulting  in  monotony  in  the  plants  represented. 
Some  of  the  Menispermaceae  which  are  known  from  one  or  two  specimens  only,  as  in  the 
London  Clay  or  Highcliff  Beds,  may  be  such  casual  entrants  into  the  fossil  samples  concerned. 
A crowded  mode  of  growth  as  in  the  seeds  of  Magnolia  may  on  the  other  hand  account  for  the 
great  abundance  of  seeds  of  this  montane  genus  in  the  London  Clay,  the  seeds  of  which  with- 
stood transport.  Although  now  pyritized  in  many  instances  their  carbonaceous  testas  are  lost. 
In  the  Hamamelidaceae,  so  common  from  the  Lower  Bagshot  and  Bournemouth  Beds,  there 
may  have  been  ‘stands’  of  these  plants  at  higher  altitudes,  as  in  the  case  of  living  Altingia, 
which  would  account  for  their  abundance  in  a much  water- worn  condition.  The  preservation 
of  fine  structural  detail  in  the  Sheppey  fruits  and  seeds  distinguishes  them,  as  already  pointed 
out,  from  almost  all  others  and  is  a contributory  cause  of  their  notoriety.  They  are  durable  in 
their  ability  to  withstand  abrasive  forces  although  the  chemical  instability  of  iron  pyrites 
makes  their  permanent  preservation  a problem  for  museums.  The  turgid  cells  distended  by 
pyrites  impart  to  these  fruits  a very  different  appearance  from  the  mummified  carbonaceous 
remains  or  mere  impressions  in  a fine  matrix  found  at  other  horizons  and  localities.  Although 
many  carbonaceous  fruits  are  partly  pyritized,  the  impregnation  is  normally  only  to  a limited 
degree,  but  it  tends  to  make  them  very  prone  to  disintegration  as  in  the  case  of  fruits  and 
seeds  from  the  Barton  Beds.  As  stated  on  p.  62  the  beauty  of  the  preservation  of  the  London 
Clay  specimens  gives  rise  to  inherent  difficulties  and  in  some  respects  makes  comparison  with 
other  fossil  floras  difficult.  For  not  only  do  the  hard  pyrites  replicas  which  have  been  rolled 
and  abraded  present  a very  different  appearance  from  their  unworn  living  counterparts  but 
they  differ  in  a striking  manner  from  the  corresponding  remains  preserved  in  shrunken 
carbonaceous  tissues.  Nevertheless  it  can  at  last  be  stated  that  a number  of  London  Clay 
plants  occur  in  younger  Eocene  beds.  Additions  are  being  made  to  this  number  year  by  year 
and  there  appears  to  be  no  essential  difference  between  the  climates  and  conditions  indicated. 
Such  differences  as  can  be  recognized  appear  to  be  capable  of  a geographical  or  ecological 
explanation. 

Perhaps  the  most  outstanding  character  which  impresses  itself  upon  a worker  on  the 
macrofossils  from  the  beds  which  succeed  the  London  Clay,  at  least  up  to  the  top  of  the 
Lower  Headon,  is  a certain  monotony  which  is  perceptible  among  the  plants  represented. 
The  same  genera,  even  the  same  species,  occur  over  and  over  again,  although  all  are  not 
necessarily  found  in  every  deposit  and  at  every  horizon.  Successive  sample  floras  may  not  be 
uniform  but  the  ‘common  factors’  already  mentioned  above  link  one  with  another  and 
even  with  the  older  London  Clay  and  Woolwich  and  Reading  Beds.  An  inspection  of  the 
Table  on  pp.  16-34  will  illustrate  this  point.  An  example  is  afforded  by  the  readily  recognized 
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significant  fern  Acrostichum  lanzaeanum . It  ranges  from  the  Lower  Bagshot  (Studland  and 
Arne),  through  the  Bournemouth  Freshwater  and  Marine  Beds,  is  again  found  in  the  Barton 
Beds  and  the  succeeding  Lower  Headon  of  Hordle.  It  still  persists  in  the  Osborne  and 
Bembridge  Beds  of  the  Isle  of  Wight.  Or  again,  Anemia  poolensis,  now  regarded  as  the  fertile 
form  of  A.  subcretacea,  ranges,  if  this  assumption  is  correct,  from  the  Reading  Beds  through 
the  London  Clay,  Lower  Bagshot,  Bournemouth  Freshwater  Series  and  Highcliff  Sands. 
[An  Anemia  with  ornamental  spores  differing  from  the  smooth  spores  of  A.  poolensis  is  recorded 
in  the  London  Clay  (Sein,  1961).]  It  is  not  necessary  to  give  here  details  of  the  distribution 
of  the  following  which  can  be  seen  by  reference  to  the  Table,  but  they  have  a wide  range  in 
time : Caricoidea  angulata , Caricoidea  maxima , Caricoidea  minima , Caricoidea  obscura,  Carpinus 
boveyanus,  Cleyera  ? stigmosa,  Diospyros  headonensis,  Dunstania  glandulosa,  Eomastixia  rugosa, 
Epacridicarpum  headonense , Ficus  lucidus , Hantsia  pulchra , Hordwellia  crassisperma,  Mastixi- 
carpum  crassum,  Myrica  boveyana,  Natsiatum  eocenicmn,  Nipa  burtini,  Oncoba  rugosa , 
Palaeobursera  lakensis,  Phellodendron  costatum,  Protoaltingia  hantonensis,  Rhamnospermum 
bilobatum,  Rubus  acutiformis,  Sambucus  par  villa,  Scirpus  lakensis , Sequoia  couttsiae,  Solanis- 
permum  reniforme,  Stratiotes  hantonensis , Styrax  elegans,  Symplocos  headonensis , Vitis  pygmaea. 

When  comparing  successive  sample  floras  in  detail  the  first  for  consideration  after  the 
London  Clay  is  the  Lower  Bagshot,  which  in  view  of  its  nearness  in  age  may  be  expected  to 
resemble  it  most  closely  if  there  is  any  appreciable  difference  at  all  between  successive  stages 
of  the  Eocene. 

It  must  first  be  emphasized  that  the  Lower  Bagshot  (Dorset  Pipe-clay  Series  and  Pipe-clay 
of  Alum  Bay)  was  deposited  on  the  landward  side  of  a coastline  and  is  truly  continental, 
whereas,  as  already  described,  the  London  Clay  flora  is  preserved  in  a marine  deposit  so  that 
it  belongs  to  the  seaward  side  of  the  old  coastline.  This  at  the  very  outset  is  responsible  for 
the  almost  total  lack  of  strand  plants  in  the  Lower  Bagshot.  The  absence  of  Nipa  and  man- 
groves may  be  noted,  particularly  in  view  of  their  characteristic  habitat  and  the  abundance 
of  the  former  in  most  London  Clay  exposures.  In  other  words,  their  absence  does  not  indicate 
less  humid  or  cooler  conditions,  it  has  merely  happened  thus  because  these  plants  do  not 
grow  inland.  Acrostichum  and  Palaeophytocrene  are  the  nearest  approach  to  a strand  flora 
in  the  Lower  Bagshot  and  that  because  they  grow  behind  the  mangrove  swamps  proper  at  a 
somewhat  higher  level  in  land  rarely  inundated  by  salt  water.  It  is  only  in  fact  in  limited 
exposures  at  two  sites  that  Acrostichum  has  so  far  been  found.  At  Studland  it  is  preserved  in 
a pinkish  or  white  clay.  At  Arne,  by  great  good  fortune,  a good  exposure  was  available  on  the 
occasion  of  one  visit  when  the  fern  was  found  in  a matted  seam  composed  of  its  fronds  near 
the  base  of  the  coast  section.  The  broken  pinnules  were  superposed  upon  one  another  and 
embedded  in  dark  silt,  their  mode  of  occurrence  suggesting  that  they  were  in  the  position  of 
growth  where  successive  generations  of  plants  had  decayed  on  the  spot.  Only  for  short  periods 
apparently  was  the  seaboard  sufficiently  near  for  Acrostichum  swamps  to  occur.  In  the  bulk  of 
the  Lower  Bagshot  deposits  inland  plants  only  are  found,  many  being  tropical  lowland  forms. 
Some  come  from  river  banks,  some  from  marshland  or  freshwater,  and  some  from  forests  at 
montane  altitudes.  The  point  must  be  emphasized  that  the  absence  of  Nipa  and  other  strand 
plants  does  not  therefore  signify  a climate  or  conditions  less  tropical  than  in  the  London 
Clay.  Among  land  plants  signifying  warmth  and  moisture,  in  addition  to  those  already 
mentioned,  are  the  two  Anemia  species,  Lygodium  kaulfussi  and  L.  poolensis , Anonaspermum  sp., 
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Dracontocarya  glandulosa,  Eomastixia  rugosa  and  E.  urceolata , Ficus  lucidus,  Hordwellia  crassis- 
perma,  Icacinicarya  inornata , lodes  acutiformis,  probably  some  of  the  undetermined  Lauraceae, 
Mastixia  cantiensis,  Mastixicarpum  crassum,  Oncoba  rugosa , Palaeobursera  lakensis,  Palaeo- 
cocculus  lakensis,  Tetrastigma  (IT.  lobata),  Tinospora  arnensis,  certainly  some  at  least  of  the 
Vitis  species,  Wetherellia  variabilis.  The  palm  leaves  have  a similar  significance.  Ficus  is  a 
particularly  abundant  genus  in  the  Malayan  region  while  Vitis  is  especially  common  in  the 
tropics. 

As  in  any  river  borne  plant  sample  there  is  also  a representative  collection  of  montane 
forms:  Abelia,  Cornus,  Dunstania,  Phellodendron,  Proto altingia,  Rubus  (which  may  grow  in 
dense  forests  in  tropics  at  4,000  to  5,000  feet  but  if  introduced  will  thrive  in  lowland  sites  in 
Malaya  (Ridley,  1930:  408)),  Sambucus , Sequoia,  some  of  the  Vitis  species.  The  water  or 
marsh  plants,  certain  Cyperaceae,  Palaeonymphaea , Stratiotes,  may  have  grown  at  more  than 
one  altitude  as  aquatic  vegetation  is  normally  more  adaptable  than  terrestrial.  Legumes,  so 
abundant  in  tropical  lowlands,  so  surprisingly  scarce  in  the  London  Clay,  abound.  Gardner 
(in  Reid  & Strahan,  1889:  106)  commented  on  the  large  legumes  at  this  horizon  in  Dorset  in 
contrast  to  Alum  Bay,  where  only  smaller  legume  pods  were  represented.  Now  while  pods  are 
readily  preserved  as  impressions  in  such  fine  textured  deposits  as  pipe-clay  or  cement  stones 
they  are  likely  to  occur  only  in  a rolled  and  abraded  state  as  isolated  entities  in  the  London 
Clay,  where  in  such  a condition  they  would  not  be  readily  recognizable.  It  is  improbable  that 
thin  wing-like  pods  would  be  preserved  in  these  circumstances.  But  at  Assington  a well- 
preserved  pod  was  found  as  an  impression  in  a cement  stone  and  was  compared  by  Bowerbank 
with  Acacia  farnesiana,  a brackish  swamp  plant,  and  referred  definitely  to  the  Mimoseae  under 
the  name  Mimosites  browniana  (Bowerbank,  1840:  140,  pi.  17,  fig.  42;  Reid  & Chandler, 
I933  : 250)-  Rolled  seeds  with  testa  partly  abraded  are  known  from  the  typical  clays  but  are 
difficult  to  recognize  or  determine  in  this  state.  They  would  probably  have  been  difficult  even 
when  unworn  as  so  many  legume  seeds  lack  outstanding  and  distinctive  external  characters. 
Of  course  other  legumes  may  yet  be  found  in  the  London  Clay  among  new  or  hitherto  undeter- 
mined specimens.  In  the  Gardner  Collection  from  Bournemouth  [i.e.  from  the  Bournemouth 
area  which  includes  both  Dorset  and  Hampshire]  legume  pod  impressions  are  common,  but 
unfortunately  it  is  not  yet  possible  to  discriminate  with  certainty  between  those  from  the 
Lower  Bagshot  and  those  from  the  Bournemouth  Beds.  Further  study  may  elucidate  the 
problem  of  sorting,  meanwhile  by  reference  to  Gardner’s  work  (1882:  6;  Gardner  in  Reid  & 
Strahan,  1889 : 106)  it  can  confidently  be  stated  that  there  were  legumes  at  both  these  horizons. 
Fortunately  as  it  has  turned  out  the  discrimination  between  the  two  sets  of  fossils  may  not 
be  of  paramount  importance,  for  recent  researches  on  well  localized  material  indicate  that 
the  Lower  Bagshot  and  Bournemouth  floras  are  for  all  practical  purposes  identical  in 
significance.  The  legumes  mentioned  above  from  Alum  Bay  are  restricted  to  a few  genera  and 
species  only.  The  important  part  played  by  this  family  in  tropical  lowland  floras  has  been 
stressed  by  Ridley  (1930)  in  discussing  the  distribution  of  buoyant  pods  or  seeds  by  water. 
He  mentions  Cassia  nodosa  and  C.  siamea  on  the  edges  of  Malayan  rivers;  Crudya,  a pan- 
tropical  genus  well  represented  by  ten  species  in  Malaya,  Dalbergia  tarta  and  Acacia  farnesiana 
both  tidal  swamp  denizens,  the  latter  typical  of  Nipa  swamps,  and  Caesalpinia  naga  a typical 
mangrove  swamp  plant.  Some  dozen  other  genera  are  reported  as  belonging  to  such  habitats. 

We  can  now  state  definitely  that  the  vegetation  of  the  Lower  Bagshot  is  largely  tropical 
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lowland  in  character  and  obviously  also  a sample  of  that  type  of  vegetation  from  which  the 
London  Clay  plants  were  derived.  The  following  species  occur  in  both:  Anemia  poolensis, 
Mastixia  cantiensis  (almost  certainly),  Meliosma  sheppeyensis  (almost  certainly),  Natsiatum 
eocenicum,  Palaeococculus  lakensis,  Palaeophytocrene  foveolata , Rhamnospermum  bilobatum, 
Sequoia  couttsiae,  Vitis  pygmaea,  Wetherellia  variabilis.  There  is,  moreover,  a high  degree  of 
probability  that  the  Bagshot  Dunstania  glandulosa  may  actually  be  identical  with  the  London 
Clay  Dunstania  multilocularis  and  the  Bagshot  lodes  acutiformis  with  the  London  Clay 
I.  corniculata  or,  at  least,  very  closely  related  to  it.  It  may  yet  be  necessary  to  transfer 
Icacinicarya  inornata  to  the  London  Clay  I.  platycarpa,  and  Palaeobursera  lakensis  to 
P.  bognorensis.  The  difference  of  preservation  between  the  shrunken  carbonaceous  Lower 
Bagshot  and  the  distended  pyritized  London  Clay  specimens  makes  absolute  certainty  in  the 
above  provisionally  equated  species  difficult  without  a large  number  of  specimens  for  com- 
parison, but  the  resemblances  between  the  respective  species  are  certainly  very  close.  We 
may  further  remark  that  Tinospora  arnensis  from  the  Bagshot  although  not  identical  with 
T.  excavata  from  the  London  Clay  is  clearly  related  to  it ; palms  are  common  in  both  deposits 
and  include  Sabal.  As  regards  Anonaspermum  and  Wardenia  these  characteristic  genera  are 
also  present  in  both.  London  Clay  pollen  provides  evidence  of  four  other  genera  shared  by 
the  two  deposits,  viz.  in  Potamogeton , Calamus , Taxodium  and  Sambucus  (Sein,  1961).  On  the 
grounds  of  similarity  of  the  climate  indicated,  together  with  the  evidence  of  genera  and  species 
in  common,  the  Lower  Bagshot  and  London  Clay  floras  cannot  be  separated;  they  merely 
show  different  aspects  of  the  Lower  Tertiary  tropical  Flora  or,  expressed  otherwise,  they 
represent  different  samples  taken  at  slightly  different  dates  from  essentially  the  same  vege- 
tation. This  common  origin  of  the  London  Clay  and  Lower  Bagshot  floras  disposes  convincing- 
ly of  a suggestion  first  made  by  Bowerbank  himself  (1840:  8)  as  an  hypothesis  to  explain  the 
presence  of  Nipa:  that  the  tropical  London  Clay  fruits  might  have  been  transported  by  river 
currents  from  equatorial  regions  (situated  in  the  same  position  as  those  of  the  present  day) 
where  they  grew.  Reid  & Chandler  refuted  this  hypothesis  in  1933  (p.  63)  but  in  a recent 
letter  from  van  Steenis  (1961)  invoking  transport  from  the  Indian  Ocean,  a similar  suggestion 
was  again  put  forward  and  subsequently  published  (1962).  The  reply  to  this  is  that  the  tropical 
rain-forest  flora  of  the  Lower  Bagshot  is  purely  continental,  the  product  of  a local  land  surface 
in  whose  freshwater  deposits  it  was  entombed,  i.e.  it  is  an  indigenous  vegetation  which 
provides  the  most  convincing  evidence  possible  that  a tropical  lowland  flora  was  actually 
growing  in  these  latitudes  (50°-52°N.  lat.)  in  Lower  Eocene  times.  Some  of  the  smaller 
plants  are  actually  entombed  in  the  stagnant  pools  in  and  around  which  they  throve.  Into  the 
quiet  waters  of  such  a pool  were  shed  quantities  of  fruits  such  as  Ficus  lucidus,  Ehretia  lakensis , 
Palaeocleome  lakense,  Capparidispermum  eocenicum , Alatospermum  lakense.  Fine-textured 
matrices  such  as  the  pipe-clay  layers  of  the  Lower  Bagshot  include  many  leaves  not  yet 
worked  out.  Had  these  plants  been  transported  by  a tropical  river  or  ocean  currents  from 
equatorial  regions  situated  as  are  those  of  the  present  day  and  deposited  in  what  is  now 
temperate  Dorset,  the  currents  would  have  been  obliged  to  traverse  thousands  of  miles  of 
ocean  and  would  inevitably  have  swept  with  them  Nipa  and  other  unmistakable  plants  of  the 
river-mouth  or  estuary.  Larger  fruits  would  indeed  have  stood  a better  chance  of  surviving 
the  journey  than  the  many  small  tropical  land  plants  recognized  and  described.  Neither  could 
these  plants  have  been  transported  in  a fossilized  state  from  tropical  regions  for  the  brittle 


68 


THE  LOWER  TERTIARY  FLORAS  OF  SOUTHERN  ENGLAND 


carbonaceous  preservation  found  in- the  Lower  Bagshot  fossils  could  never  have  withstood 
such  a journey.  Even  more  is  this  true  of  the  fragile  sandy  Nipa  casts  of  the  Bournemouth 
Beds. 

That  only  a few  of  the  five  hundred  odd  London  Clay  genera  and  species  have  as  yet  been 
recorded  from  the  Bagshot  is  not  surprising,  nor  is  it  remarkable,  having  regard  to  the  mode 
of  transport  of  fruits  and  seeds  already  described,  that  at  this  horizon  there  are  a considerable 
number  of  plants  not  yet  found  in  the  London  Clay.  Chance  must  have  played  such  a large 
part  in  deciding  which  plants,  especially  what  upland  species,  found  their  way  into  the  fresh- 
water deposits  from  which  they  have  now  been  recovered.  Equally  chance  has  played  its  part 
in  deciding  which  exposures  should  be  available  to  the  collector  at  any  given  period  of  the 
investigation  and  which  of  the  plants  entombed  would  come  to  light  at  a particular  time. 
It  would  indeed  be  a peculiar  phenomenon  if  both  ‘sample  floras’  contained  an  identical 
range  of  species!  The  lesser  facilities  for  collecting  in  the  Lower  Bagshot,  the  absence  of 
sorting  and  concentration  by  the  sea  as  compared  with  the  London  Clay,  the  hardness  and 
resistance  to  erosion  of  the  pyritized  London  Clay  specimens  inevitably  means  a larger  range 
of  material  in  the  older  deposit.  Nevertheless  the  indications  of  climatic  conditions  for  the 
two  floras  appear  to  be  identical  having  regard  to  the  differences  of  the  plant  assemblages 
represented  in  the  two  cases  as  explained  above. 

Passing  upwards  in  time  the  plant  list  (p.  1 6)  shows  that  the  Lower  Bagshot  and 
Bournemouth  sample  floras  have  much  in  common.  Both  display  some  variety  of  palms  and 
legumes  (Chandler,  1962:  5,  55,  56,  58,  158,  160,  161;  1963a:  6-8,  70,  71).  There  are  also 
Anemia  subcretacea  and  its  fertile  form  A.  poolensis , Lygodium  kaulfussi,  Acrostichum 
lanzaeanum  at  certain  stages,  Anonaspermum  sp.,  Caricoidea  obscura,  Eomastixia  rugosa,  Ficus 
lucidus,  Hordwellia  crassisperma,  Lauraceae,  Mastixicarpum  crassum,  'tMelisoma  sheppeyensis, 
Natsiatum  eocenicum,  Nyssoidea  eocenica,  Oncoba  rugosa , Palaeobursera  lakensis,  Phellodendron 
costatum,  Protoaltingia  hantonensis , Rhamnospermum  bilobatum,  Rubus  acutiformis,  Scirpus 
lakensis,  Solanispermum  reniforme , Symplocos  headonensis,  Vitis  pygmaea.  On  examining  the 
lists  it  is  impossible  to  doubt  that  the  samples  from  Bournemouth  and  the  Dorset  Pipe-clay 
Series  originate  from  the  same  type  of  vegetation.  Bournemouth  is  noteworthy  for  its  richer 
fern  flora,  connected  in  part  at  least  with  the  fact  that  at  Bournemouth  delicate  fronds  were 
readily  preserved  as  impressions  and  intensively  collected  and  studied  by  Gardner.  These 
ferns,  which  probably  grew  on  the  river  banks,  were  accumulated  chiefly  at  the  eastern  end  of 
the  section  near  the  river  mouth.  Like  the  Lower  Bagshot,  Bournemouth  has  its  upland  plants : 
Araucarites,  Protoaltingia , Dunstania , Magnolia , Phellodendron , perhaps  Myrica,  Sambucus, 
Rubus  and  Calamus  (the  latter  rare).  The  freshwater  species  Palaeonymphaea  eocenica , 
Caricoidea  obscura  and  Scirpus  lakensis  are  common  to  the  Lower  Bagshot  and  Bournemouth 
Beds.  The  other  freshwater  forms,  Palaeolythrum  bournense,  the  species  of  Stratiotes  and 
Caricoidea  angulata  have  not  yet  been  found  in  the  older  deposit. 

A first  glance  at  the  actual  carpological  material  does  not  reveal  the  connexion  with  the 
London  Clay  as  obviously  as  that  with  the  Lower  Bagshot.  Nevertheless  as  the  Lower  Bagshot 
and  Bournemouth  samples  are  clearly  derived  from  a common  source  - the  Lower  Tertiary 
tropical  Flora  - and  the  Lower  Bagshot  and  London  Clay  samples  are  also  from  this  source, 
a connexion  between  Bournemouth  and  the  London  Clay  must  exist  as  well.  The  more 
obvious  relationship  in  the  case  of  the  two  older  deposits  is  due  largely  to  the  greater  coarse- 
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ness  of  the  matrix  and  therefore  of  most  of  the  carbonaceous  specimens  preserved  in  the 
Lower  Bagshot.  In  the  finer  matrices  in  which  many  of  the  Bournemouth  plants  are  entombed 
sorting  by  specific  gravity  before  deposition  has  eliminated  the  larger  fruits  leaving  a some- 
what finer  fossil  residue.  Hence  there  is  a marked  tendency  for  different  plants  to  be 
recovered  from  the  Bournemouth  Beds.  Even  so  there  are  significant  genera  common  to  the 
Bournemouth  Beds  and  London  Clay:  such  are  Araucarites,  Anonaspermum , Magnolia,  Sabal, 
Symplocos.  If  London  Clay  pollen  genera  be  included  there  are  also  Osmunda,  Lygodium, 
Podocarpus,  Potamogeton,  Calamus,  probably  Phoenix  (as  fruit  stalks  were  determined  from 
Bournemouth  by  Gardner,  1882:  8),  Alnus  and  Nothofagus  (leaf  from  Bournemouth  with 
cuticle  determined  by  Bandulska,  1924).  There  are  even  actual  species  common  to  the  two 
horizons,  namely  Sequoia  couttsiae,  Anemia poolensis,  Cleyera}  variabile,  IMeliosma  sheppeyensis, 
Natsiatum  eocenicum,  possibly  Palaeobursera  lakensis  (if  P.  lakensis  is  proved  to  be  identical 
with  P.  bognorensis),  Rhamnospermum  bilobatum,  Spondiaecarpon  operculatum,  Vitis  pygmaea. 

Passing  upwards  again  into  the  Bournemouth  Marine  Beds  which  are  in  part  equivalent 
to  and  in  part  overlie  the  Freshwater  Series  less  is  known  about  this  sample  of  the  Lower 
Eocene  vegetation.  No  rich  pockets  have  been  available  in  recent  years  so  no  intensive  col- 
lecting of  fruits  or  seeds  could  take  place,  but  the  few  plants  recorded  are  undoubtedly  drifted 
from  a land  surface  which  still  bore  the  same  Lower  Tertiary  vegetation.  In  these  marine 
strata  the  likeness  to  the  London  Clay  is  emphasized  by  the  abundant  presence  of  Nipa  at  a 
certain  stage  on  this  seaward  side  of  the  coast-line.  Even  the  species  of  Nipa  is  the  same 
despite  the  entirely  different  preservation,  the  Bournemouth  fruit  being  represented  by 
fragile  decaying  carbonaceous  husks  and  testas  filled  with  soft  sandy  matrix.  Husks  and  casts 
are  alike  perishable  and  there  is  no  pyritization.  Along  the  coast-line  itself  are  remains  of 
Acrostichum  lanzaeanum  again  and  masses  of  drifted  branches  and  twigs  of  Araucarites 
sternbergi  are  reported  by  Gardner.  This  last,  together  with  rolled  and  waterworn  heads  of 
Protoaltingia  hantonensis,  may  have  come  from  the  higher  ground  to  the  west.  Sequoia 
couttsiae  (similarly  transported),  Cleyera ? stigmosa,  Eomastixia  rugosa,  Mastixicarpum  crassum, 
Palaeococculus  lakensis,  Rhamnospermum  bilobatum  and  Protoaltingia  hantonensis  are  links  with 
the  Lower  Bagshot  flora.  The  London  Clay  genus  Wardenia  reappears  although  represented 
by  a different  species.  Sabal  also  is  present.  The  plant  list  reveals  species  common  to  the 
Marine  and  Freshwater  Beds.  It  may  be  noted  that  among  water  plants  Stratiotes  hantonensis, 
Potamogeton  pygmaeus,  Limnocarpus  forbesi  and  Brasenia  ovula  are  dominant  forms. 
Caricoidea  obscura  and  Caricoidea  angulata  are  both  common.  Carpinus  boveyanus  and  Hantsia 
pulchra  have  appeared  for  the  first  time  and  from  now  onwards  occur  in  successive  deposits. 
Of  some  of  these  species  more  will  be  said  on  p.  70. 

The  Boscombe  Sands  with  their  battered  rotted  masses  of  carbonaceous  debris  below  and 
their  sodden  rafts  of  long-drifted  vegetation  above  reveal  a very  impoverished  sample  of  the 
same  Flora.  The  rafts  are  so  rotten  and  so  full  of  disseminated  pyrites  that  on  drying  they 
crack,  burst  and  disintegrate  with  resulting  destruction  of  the  enclosed  plants.  Sequoia 
couttsiae  and  Protoaltingia  hantonensis  abound  and  there  are  Lauraceae,  Cleyera ? stigmosa , 
Carpinus  boveyanus,  Eomastixia  rugosa,  Mastixicarpum  crassum,  Rutaspermum  excavatum, 
Sabal  sp.,  Solanispermum  reniforme,  Symplocos  headonensis  and  Wardenia  marginata.  There  is 
a peculiar  abundance  of  a species  of  Thymelaeaspermum.  Water  plants  are  represented  by 
abundant  Brasenia  ovula,  Limnocarpus  forbesi,  Potamogeton  pygmaeus  and  Stratiotes  hantonensis. 
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All  named  species  have  been  found  either  in  older  or  younger  beds  with  the  possible  exception 
of  Daphne  hournense,  and  even  this  resembles,  and  may  be  the  same  species  as,  an  unnamed 
Daphne  seed  from  the  Hengistbury  Beds  (Chandler,  i960:  213).  There  is  also  a species  of 
Stizocarya  not  unlike  S.  communis  of  the  London  Clay.  The  majority  of  the  determined  plants 
either  appear  to  have  been  derived  from  the  uplands,  for  example,  Sequoia , Protoaltingia  and 
Rutaspermum  or  else  are  water  plants.  Half  of  the  plants  listed  occur  in  both  older  and  newer 
beds  and  more  than  half  are  found  in  older  beds.  The  essential  similarity  of  the  sample  to 
those  already  discussed  and  its  derivation  from  the  same  parent  vegetation  is  clear. 

The  noticeable  abundance  of  Limnocarpus , Stratiotes  hantonensis  and  Potamogeton 
pygmaeus  (only  one  specimen  of  this  species  and  of  S.  hantonensis  have  been  recorded  from 
the  Bournemouth  Freshwater  Beds)  as  soon  as  marine  conditions  are  encountered  calls  for 
comment.  From  now  onward  for  a time  they  play  a most  important  part  in  the  floras  examined, 
although  by  the  Lower  Headon  Stratiotes  hantonensis  is  very  largely  superseded  by 
S.  headonensis  and  that  in  its  turn  gives  place  to  a succession  of  other  larger  species  in  the 
Oligocene.  The  recognition  of  Limnocarpus  forhesi  and  of  a large-fruited  species,  Limnocarpus 
? enormis , on  the  Auversian- Lutetian  boundary  in  marine  beds  at  Selsey,  Sussex,  is  of  interest. 
At  an  earlier  date  (Cuisian  of  Whitecliff  Bay,  Oldhaven  of  Bishopstone,  Kent)  there  are  also 
records  of  the  genus  Limnocarpus  in  marine  beds  (p.  16).  The  repeated  association  with 
brackish  estuarine  or  marine  strata  suggests  that  it  may  be  a true  halophyte  possibly  with  some 
adaptability  to  freshwater  conditions  in  a limited  degree  only  as  at  Hordle.  There,  Lower 
Headon  strata,  particularly  the  conspicuous  Limnocarpus  Band  where  L.  forhesi  occurs  with 
Brasenia , Stratiotes  and  estuarine  shells,  lend  support  to  this  view.  Brasenia  ovula  is  re- 
presented by  seeds  in  the  freshwater  Bovey  Tracey  basin,  but  its  maximum  development 
appears  to  be  in  the  brackish  or  saline  beds  of  the  Eocene  and  Oligocene.  Stratiotes  headonensis 
is  rarer  at  the  freshwater  end  of  Bed  10,  Hordle.  The  nearness  of  the  coastline  is  emphasized 
by  the  occasional  incursion  of  the  sea  towards  the  end  of  the  period  (or  perhaps  in  the  Middle 
Headon)  resulting  in  the  formation  of  the  small  pockets  of  marine  shells  at  the  east  end  of  the 
Lower  Headon  section. 

Turning  now  to  the  Highcliff  Sands  of  Cliff  End,  Mudeford,  the  plants  present  a different 
appearance  in  that  they  are  mostly  minute  and  in  many  instances  mere  fragments.  They  are 
carbonaceous  and  are  so  sparse  as  to  produce  thin,  almost  imperceptible  black  seams  in  the 
fine  indurated  sandy  cliff  face.  No  concentration  in  dense  pockets  or  lenticles  has  been  seen 
here.  The  fragments  appear  to  have  been  floated  gently  along  by  currents  to  a considerable 
distance  from  the  land.  No  coarse  heavy  fruits  like  those  of  Nipa  have  been  found;  any  such 
must  have  been  segregated  elsewhere  by  specific  gravity.  Many  of  the  same  elements  discussed 
in  connexion  with  the  older  beds  are  again  recognized  with  some  fresh  additions,  either  very 
small  or  fragmentary,  mostly  referred  to  Carpolithus.  Out  of  a total  of  about  forty-nine  named 
genera  or  species,  thirty  have  been  described  from  older  beds.  There  are  still  a few  of  the 
upland  forms,  mostly  represented  by  tiny  broken  fragments,  as  in  the  case  of  Araucarites, 
Sequoia  and  Pinus\  or  by  small  seeds,  like  Rubus  and  Samhucus\  Carpinus  also  may  be  of 
upland  origin.  The  warmer  elements  are  again  present,  notably  Lygodium , Calamus 
(montane?),  tCleyera,  Oncoha,  Mastixial,  Eomastixia  and  Mastixicarpum. 

It  seems  unnecessary  to  go  into  detail  about  the  Hengistbury  and  Barton  Beds.  Both, 
poor  samples  only  of  the  contemporary  vegetation,  were  described  by  Chandler  (i960).  In 
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neither  have  really  rich  plant  pockets  been  discovered  except  for  a small  patch  of  tiny  seeds 
caught  in  an  eddy  in  the  lee  of  a log  at  Barton.  At  Hengistburv  the  plant  remains  are  again 
scanty  and  largely  masked  by  marine  shells.  At  Barton  they  are  mostly  sparsely  scattered  in 
the  tenacious  clays  in  a manner  strongly  reminiscent  of  the  occurrence  of  plants  in  situ  in  the 
London  Clay.  However  at  Barton  most  are  ill-preserved,  being  carbonaceous  with  dis- 
seminated amorphous  pyrites,  unlikely  to  withstand  abrasion,  so  that  when  washed  out  of 
the  clay  by  the  sea  they  would  quickly  disintegrate  or  be  lost  on  the  pebble  strewn  shore.  The 
plants,  although  so  few  are  known,  show  the  same  general  characteristics.  Tropical  elements 
at  Hengistbury  are  Nipa,  Eomastixia  and  Mastixicarpum  and  at  Barton  Anonaspermum, 
Acrostichum,  Eomastixia , Mastixicarpum  and  Stizocarya.  Reference  to  the  list  on  pp.  16-34 
shows  which  plants  occur  at  lower  or  higher  horizons. 

When  the  Lower  Headon  Beds  of  Hordle  (old  spelling  Hordwell)  cliff  were  searched  over 
a long  period,  two  facts  emerged.  The  first  is  that  different  plant  formations  are  represented 
at  different  parts  of  the  cliff  section.  Reference  has  already  been  made  (p.  70)  to  the  estuarine, 
perhaps  truly  halophytic  plants  which  occur  in  striking  concentrations  in  some  of  the  beds, 
notably  Beds  30-31  of  Tawney  & Keeping  (1883)  with  the  Limnocarpus  Band,  and  Bed  15 
(the  Crocodile  Bed).  The  former  of  these,  owing  to  the  easterly  dip,  is  exposed  only  at  the 
eastern  end  of  the  section  as  further  west  it  is  cut  out  by  the  Palaeolithic  gravels  and  the  cliff 
top.  But  in  addition  to  this  estuarine  development  there  is  the  more  varied  ‘Leaf  Bed’,  Bed  10 
of  Tawney  & Keeping,  which  at  its  western  exposure  towards  Beckton  Bunny  yields  a typical 
land  flora  and  at  its  eastern  or  seaward  end  affords  some  evidence  of  the  lowland  tropical 
strand  flora  in  the  presence  of  Nipa  (leaves)  and  matted  fronds  of  Acrostichum.  Here  also  are 
found  Salvinia  mildeana,  Brasenia  ovula,  Stratiotes  headonensis,  Limnocarpus  forbesi  and 
Spirematospermum  headonense  together  with  occasional  land  plants  such  as  Rubus  acutiformis, 
Sambucus  parvula,  Zanthoxylon  hordwellense,  a few  rare  Icacinaceae,  and  a single  seed  of 
Cucurbitospermum  reidii.  The  plants  at  the  western  end  of  this  bed,  which  is  continental  in 
character,  vividly  recall  the  Lower  Bagshot.  In  common  with  this  formation  they  include 
Caricoidea  minima , C.  obscura,  Cornus  quadrilocularis,  Diospyros  headonensis,  a fragment  of 
Spondieae  suggesting  Dracontocarya  glandulosa,  Eomastixia  rugosa,  Hordwellia  crassisperma, 
Mastixicarpum  eras  sum,  Natsiatum  eocenicum,  Olea  headonensis,  Palaeobursera  lakensis,  Phello- 
dendron  costatum,  Protoaltingia  hantonensis,  Rhamnospermum  bilobatum,  Rubus  acutiformis, 
Sambucus  parvula,  Sequoia  couttsiae,  Styrax  elegans,  Symplocos  headonensis,  and  probably 
Tetrastigma  lobata.  Erdtmann  (i960)  describes  and  names  pollen  of  Restionaceae  and  Nycta- 
ginaceae.  Ten  of  the  above  species  (see  Table  p.  16)  together  with  nine  others  are  common  to 
the  Lower  Headon  and  Bournemouth  Beds  (Freshwater  and  Marine  taken  together).  There 
are  even  several  species  found  in  the  London  Clay:  Cleyera ? stigmosa,  Myrica  boveyana, 
Meliosma  sp.  {}  Meliosma  sheppeyensis),  Natsiatum  eocenicum,  Nipa  sp.  (represented  by  leaves), 
possibly  Palaeobursera  lakensis,  Rhamnospermum  bilobatum , Sequoia  couttsiae,  while  Phello- 
dendron  costatum  is  found  in  the  Woolwich  Beds.  In  addition  the  following  genera  are  recorded 
in  older  beds:  Dunstania,  Laurocarpum,  Pinus*,  Palaeosinomenium,  Potamogeton* , Sambucus *, 
Myrica *,  Carpinus *,  Tetrastigma*,  Ampelopsis* , Parthenocissus*  and  Meliosma* . Those  with 
an  * are  also  represented  by  pollen  in  the  London  Clay  (Sein,  1961).  Applying  to  this 
Hordle  assemblage  the  general  principles  that  it  is  the  warmest  elements  in  a fossil 
flora  which  indicate  the  optimum  climatic  conditions  at  sea  level,  and  that  what  a plant 
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or  plants  indicate  at  one  horizon  they  must  also  indicate  at  others  where  they  are  found, 
due  allowance  must  be  made  for  the  following  tropical  elements : Nipa  (leaves ; fruits  occur  in 
the  Bartonian  Wemmelian  of  Belgium),  Acrostichum  lanzaeanum,  Mastixial  glandulosa, 
Eomastixia  rugosa , Mastixicarpum  crassum,  Palaeobursera  lakensis,  Spondieae  Genus?  (possibly 
Dracontocarya  glandulosa ),  probably  some  of  the  Icacinaceae,  Tetrastigma,  probably  Spire- 
matospermum  headonense,  Chlorophora  bicarinata , probably  Hordzvellia  crassisperma , Cleyera} 
stigmosa  and  Epacridicarpum  headonense. 

Pallot’s  degree  thesis  (1961)  has  added  to  the  Lower  Headon  flora  (Isle  of  Wight)  the 
following  among  a few  other  genera:  Anemia , Engelhardtia,  Lygodium,  Platycarya,  Ouercus, 
Restio  and  Thrinax  - an  admixture  of  lowland  tropical  and  upland  genera. 

The  Hordle  flora  clearly  illustrates  how  conclusions  based  on  statistics  as  to  age  and 
phytogeographical  relationships  may  be  misleading,  quite  apart  from  errors  which  may  arise 
in  the  calculations  as  a result  of  the  correction  of  erroneous  determinations  or  later  additions 
to  the  plant  list  resulting  from  further  work.  It  happens  that  among  the  tropical  lowland 
elements  at  Hordle  Nipa  is  only  poorly  represented,  the  abundant  fruits  would  probably  have 
drifted  further  out  from  the  river  mouth,  and  these  tropical  elements  are  to  some  considerable 
extent  masked  and  ‘diluted’  by  the  preservation  of  a large  number  of  tropical  montane  plants 
in  the  flora.  A high  proportion  of  this  upland  element  is  allied  to  the  montane  flora  of  South 
China,  Burma  and  Japan,  especially  to  that  of  South  China.  This  led  Reid  & Chandler  (1933 : 
54,  56)  to  the  conclusion  that  passing  upward  from  the  Lower  Eocene  there  is  a northward 
trend  in  phytogeographical  relationships.  It  must  however  be  borne  in  mind  that  such  a 
conclusion  may  be  fallacious  for  so  many  of  these  Burmese  or  Chinese  and  Japanese  forms 
have  now  been  recognized  as  upland  elements  in  the  older  Tertiary  of  the  London  Clay,  the 
Lower  Bagshot  and  Bournemouth  Beds.  It  is  doubtful,  at  the  very  least,  whether  their  greater 
prominence  at  Hordle  really  indicates  that  the  Lower  Headon  vegetation  was  more  closely 
related  to  South  China  and  Burma  than  was  that  of  the  upland  areas  of  the  London  Clay.  It 
may  equally  indicate  that  under  the  conditions  of  deposition  preserved  to  us  in  the  Lower 
Headon  many  montane  species  were  washed  into  the  deposit,  these  montane  plants  being 
formerly  more  widespread  than  they  are  today  at  appropriate  altitudes  in  the  whole  Eocene 
tropical  belt.  In  recent  times  they  have  survived  only  in  South  China,  Burma  and  other 
similar  regions  of  south-east  Asia.  The  fact  that  they  are  better  represented  in  some  deposits 
in  the  Eocene  than  in  others  may  depend  on  geographical  conditions  and  upon  the  facilities 
these  plants  had  for  reaching  the  sites  of  deposition.  The  argument  can  be  extended  to  show 
that  in  dealing  with  the  Palaeogene  a higher  proportion  of  wide-ranging  or  montane  genera 
does  not  necessarily  mean  a younger  age. 

Reference  has  already  been  made  to  the  uncertainty  of  the  boundary  between  Eocene 
and  Oligocene  in  this  country.  So  far  at  least  as  the  fruits  and  seeds  are  concerned,  the  plants 
have  unfortunately  nothing  to  contribute  at  present  towards  the  elucidation  of  this  problem. 
The  Upper  Headon  flora  which  most  authorities  would  agree  lies  above  the  boundary  line 
appears  to  be  merely  a poor  sample  of  the  Lower  Headon  flora  at  Hordle.  Few  plants  except 
water  or  marsh  plants  are  known  among  the  megafossils.  A tropical  lowland  terrestrial  element 
appears  to  be  represented  by  Anemia  colwellensis  and  Ficus  lucidus,  the  former  found,  too,  in 
the  overlying  Bembridge  Beds,  the  latter  in  the  much  older  Lower  Bagshot  and  Bournemouth 
Beds.  This  element  may  also  be  seen  in  the  Epacridaceae  which  are  perhaps  to  be  compared 
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with  the  lowland  sandy  heath  floras  along  stretches  of  the  Malayan  coast  unsuited  to  the 
growth  of  Nipa  owing  to  the  lack  of  mud.  Land  plants  include  the  Hordle  species:  Zanthoxylon 
hordwellense,  Hordzvellia  crassisperma,  Myrica  boveyana.  Other  land  plants  are  Pinus  sp., 
Araucarites  sp.,  Sequoia  couttsiae,  Rubus  microspermus  (cf.  p.  78),  Sambucus  colwellensis  (not 
S.  parvula),  all  of  which  may  belong  to  the  montane  zone.  The  remainder  of  the  determined 
plants  are  aquatic  or  subaquatic,  most  of  which  are  found  in  older  beds  as  well.  Unique  to 
this  deposit  are  Car  ex  colwellensis , Myrica ? cohvellensis,  Decodon  vectensis  (the  first  appearance 
of  the  genus  in  this  country). 

The  microflora  contributes  to  the  land  genera  Thrinax,  which  according  to  Pallot  (1961) 
is  a palm  of  shore  lines  and  dry  ridges  in  the  swamp,  Engelhardtia,  certain  gymnosperms, 
Quercus , Platycarya  and  Tiliaceae. 

From  the  Osborne  Beds  almost  no  plants  have  been  obtained,  but  among  them  is  the 
lowland  tropical  Acrostichum  in  a very  fragmentary  condition.  Also  from  this  horizon  is 
Nelumbium  buchi  recorded  both  from  the  Lower  Headon  and  the  succeeding  Hamstead  Beds 
(Chandler,  1963).  Pollen  gives  evidence  of  Rhus ? and  Azolla  (Pallot,  1961). 

Up  to  and  including  the  Upper  Headon  the  relationship  to  one  another  of  all  fossil  sample 
floras  described  is  clear,  all  are  derived  from  a common  type  of  Lower  Tertiary  vegetation 
among  which  an  admixture  of  elements  from  varying  altitudes  can  be  discerned.  In  some  of 
these  sample  floras  the  tropical  lowland  flora  is  conspicuously  represented  by  strand  plants 
as  in  the  marine  London  Clay,  the  marine  Bournemouth  Beds  and,  to  a less  extent,  in  the 
Lower  Headon  at  the  seaward  end  of  the  old  estuary.  In  others  the  tropical  lowland  flora  is 
represented  by  land  plants  accumulated  under  continental  conditions  as  in  the  Lower  Bagshot, 
Bournemouth  Freshwater  Beds  and  at  the  landward  end  of  the  Lower  Headon  in  Bed  10  at 
Beckton  Bunny,  Hordle.  In  all,  whether  in  marine  or  continental  beds,  montane  elements 
can  be  discerned,  although  it  is  not  always  easy  to  decide  which  species  should  be  thus  classified 
in  cases  where  a genus  has  living  allies  at  more  than  one  altitude. 

In  the  Bembridge  flora  almost  for  the  first  time  a different  sample  of  plants  is  encountered 
among  the  fruits  and  seeds  so  that  its  essential  relationship  to  the  Eocene  plant  beds  is  not  at 
first  sight  so  apparent.  This  is  very  largely  explained  by  the  fact  that  in  the  Bembridge  Beds 
we  are  dealing,  to  a considerable  extent,  with  partially  wind  transported  winged  or  plumed 
fruits  and  seeds.  These,  unlike  the  heavier  carbonaceous  or  pyritized  fossils  of  the  greater 
part  of  the  Eocene,  are  preserved  as  impressions  in  a fine  matrix  laid  down  in  tranquil  water. 
The  nearest  approach  to  such  conditions  of  preservation  on  a big  scale  in  the  older  beds,  but 
so  far  inadequately  studied,  is  encountered  in  the  pipe-clay  basins  of  the  Lower  Bagshot  and 
in  a much  lesser  degree  in  certain  seams  in  the  Bournemouth  Freshwater  Series.  These  older 
impressions  are  usually  preserved  in  a softer  more  perishable  medium  and  unfortunately  it  is 
just  these  specimens  about  which  there  is  the  least  amount  of  up-to-date  information.  As 
already  explained  we  cannot  yet  be  certain  which  of  the  Gardner  specimens  are  actually  from 
the  Dorset  Pipe-clay  Series.  Even  about  the  material  from  Alum  Bay  which  is  correctly 
localized  little  definite  information  is  yet  available.  The  fruits  are  relatively  few  and  are  chiefly 
leguminous.  The  abundant  legumes  here  and  on  the  mainland  together  with  Palms,  well 
localized  Anonaspermum  in  Dorset  and  Lygodium  in  both  areas  probably  all  came,  like  the 
Acrostichum , from  lowland  sources.  Sinclair  (1955)  writes  of  Recent  Anonaceae  that  most  are 
confined  to  moist  tropical  lowland  forests.  That  montane  genera  were  also  present  in  the 
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Pipe-clays  is  indicated  by  conifer  remains.  These  abound  at  Alum  Bay  and  in  the  Dorset 
County  Museum  there  is  a fine  unmistakable  specimen  of  Cupressistrobus  gardneri  with 
well-preserved  distinctive  small  median  leaves  on  its  bifacial  twig.  This  specimen  probably 
comes  from  Dorset  which  also  yields  Protoaltingia  hantonensis,  Abelia  sp.  (?A.  quadrialata ) 
(PI.  4,  fig.  29)  and  Cupanoides  sp.  as  impressions.  On  the  whole,  however,  the  Lower  Bagshot 
and  Bembridge  impressions  represent  a different  set  of  plants. 

Nevertheless,  the  Bembridge  flora  appears  to  be  derived  from  the  same  Lower  Tertiary 
type  of  vegetation.  Lowland  tropical  plants  are  present,  notably  Acrostichum  at  certain  horizons 
(not  in  the  Insect  Limestone),  Anemia , Lygodium,  Spirematospermum,  Costus,  possibly  a large 
Equisetum  for  the  genus  finds  its  way  into  the  tropics  in  wet  habitats  and  Acanthus  of  a type 
that  inhabits  the  saline  waters  of  mangrove  swamps.  Rasky  (1956)  describes  winged  fruit 
impressions  from  Hungary  which  are  of  great  importance  in  the  present  connexion.  They 
include  Engelhardtia  brongniarti  (syn.  E.  macroptera ),  Hooleya  hermis  and  Abelia  quadrialata, 
actual  Bembridge  montane  or  submontane  species  which  in  the  Budapest  marls  are  associated 
with  the  lowland  tropical  Nipa  (leaves)  and  are  of  Upper  Eocene  age.  They  thus  afford  a 
further  link  between  Eocene  and  Oligocene  vegetation.  This  conclusion  as  to  the  essentially 
tropical  character  of  the  Bembridge  flora  was  reached  prior  to  knowledge  of  Dr.  J.  Pallot’s 
work  on  Bembridge  pollen  (1961),  which  gives  strong  support  to  this  opinion,  for  example 
by  the  determination  of  Bruguiera  (cf.  Palaeobruguiera  of  the  London  Clay).  Notable  also  are 
the  palms  Caryota  (cf.  Caryotispermum  of  London  Clay),  Thrinax  and  Serenoa.  Among  other 
tropical  or  warm  temperate  genera  determined  by  Pallot  are  Cupania,  Cardiospermum, 
Jussieua,  Santalum,  Arceuthobium,  lodes,  Leptonychia,  Psilotum,  Phyllochlamys,  Mimusops  and 
Manilkara.  It  appears  that  in  the  Bembridge  Freshwater  Beds  the  tropical  lowland  plants  are 
better  represented  by  pollen  than  by  fruits  and  seeds  which  seem  to  come  from  somewhat 
higher  altitudes.  Similarity  to  the  London  Clay  flora  is  also  brought  out  better  by  the  micro- 
flora, as  is  shown  not  only  by  Bruguiera,  Cupania,  lodes  and  the  palms  listed  above  but  by 
Lygodium *,  lOsmunda* , Restio*,  Platycarya  [=Petrophiloides  (fruit)],  Engelhardtia* , Tetra- 
stigma,  ICastanopsis* , Nyssa,  Viburnum,  Leptonychia* , Sapotaceae  genera,  to  quote  some  of 
the  most  outstanding.  Genera  marked  with  an  asterisk  are  so  far  known  only  from  pollen  in 
the  London  Clay. 

Reid  & Chandler  (1926:  11)  classified  the  macrofossils  into  three  groups.  Those  either 
adapted  specially  for  wind  dispersal  or  capable  of  being  windborne,  as  in  the  case  of  the  few 
leaves  identified.  Those  which,  being  aquatic  or  semiaquatic  could  readily  or  inevitably  gain 
access  to  water.  Those,  a few  only,  with  no  special  means  of  transport,  neither  windborne 
nor  aquatic.  Among  this  last  group  are  Araucarites,  Libocedrus  and  Cupressus  which  more 
recent  experience  with  the  older  deposits  suggests  may  have  been  waterborne  from  montane 
sources  as  may  Carpinus,  Quercus  and  Zanthoxylon.  Montane  species,  some  from  warm  and 
some  from  cooler  altitudes,  play  a considerable  part  in  Pallot’s  Bembridge  pollen  flora: 
Sequoiadendron  [ Sequoia ] and  other  conifers  including  Cephalotaxus ; Euptelea,  Halesia, 
Sambucus,  Viburnum,  Abelia,  Lonicera,  Hamamelis,  Liquidambar,  perhaps  Myrica,  Alnus, 
Quercus,  Corylus,  Carpinus,  Juglans,  Cary  a,  Pterocarya,  Engelhardtia  in  addition  to  Platycarya, 
Broussonetia,  Tilia  and  Clethra.  Many  of  these  are  anemophilous  so  that  their  presence  in  the 
pollen  flora  is  readily  explained. 

The  water  plants,  so  well  represented  among  the  macrofossils  as  is  to  be  expected,  are  less 
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common  among  the  pollen,  but  there  are  IBrasenia,  Cuphea , Jussieua  and  Potamogeton. 
There  seems  reason  to  think  that  Rhamnospermum  (megafossil)  was  a water  plant  on  account 
of  its  frequent  association  with  Brasenia  and  Stratiotes. 

Among  the  fruits  and  seeds  solitary  specimens  of  small  herbs  like  Papaver,  Melissa  or 
Ajuginucula  may  have  been  river  bank  species  or  chance  comers  perhaps  from  high  plant  for- 
mations in  open  country.  Ranunculus , Clematis  and  in  the  microflora  Thalictrum , may  have 
belonged  to  upland  open  places,  to  river  bank  or  marsh,  for  as  Ridley  pointed  out 
Ranunculaceae  in  the  tropics  are  almost  certainly  confined  to  mountains. 

As  regards  wind  dispersal  of  fruiting  organs  Ridley  observed  that  a necessary  condition 
for  this  is  the  presence  of  open  country  such  as  the  borders  of  woods,  or  river  banks  where 
there  are  always  air  currents,  or  the  upper  stories  of  forests.  The  flight  of  winged  fruits  and 
seeds  is  at  once  stopped  by  any  barrier  and  wind  dispersal  is  impossible  at  ground  level  in  the 
dense  forests  of  equatorial  regions.  As  a rule,  he  states,  such  organs  are  not  carried  for  great 
distances  by  wind  itself,  although  some  coniferous  seeds  are  known  to  have  travelled  for 
eight  miles  in  a storm.  Normally  about  twenty  miles  is  the  limit  for  winged  seeds.  But  this  is 
exceptional  and  a sea  barrier  of  twenty  miles  apparently  prevents  transport  of  winged  fruits 
to  islands.  Plumed  seeds  normally  travel  further  than  winged  ones,  for  example  Clematis  two 
to  six  hundred  miles,  while  dust-like  seeds,  of  which  in  dealing  with  macrofossils  there  is  no 
experience,  can  be  transported  furthest  of  all  even  up  to  hundreds  of  miles. 

Ridley  stresses  the  point  that  although  most  winged  fruits  and  seeds  are  airborne  to  no 
great  distance  they  are  light  enough  to  float  and  so  are  capable  of  further  distribution  by  water, 
while  in  tropical  forests  a large  proportion  of  trees  and  lianes  have  winged  fruits  or  seeds. 
He  comments,  in  particular,  that  the  Apocynaceae,  most  of  which  are  shrubs  or  climbers  or 
small  trees,  and  the  Asclepiadaceae  which  are  commonly  shrubby  climbers  have  their  greatest 
development  in  the  tropics  while  the  plumed  seeds  of  the  Asclepiadaceae  are  known  to  be 
distributed  commonly  by  river  action.  Abelia  and  Dipelta,  found  in  the  Bembridge  Beds,  all 
belong  to  the  mountains  at  the  present  time  and  Engelhardtia,  the  only  Juglandaceae  in 
Malaya,  is  a large  tree,  most  species  growing  at  2,000  to  5,000  feet  in  the  Malay  Peninsula 
(ex  lit.  Holttum).  The  winged  fruits  of  Hooleya  (Juglandaceae)  may  also  be  presumed  to 
belong  to  the  montane  flora  since  most  Juglandaceae  have  this  distribution.  We  can  therefore 
picture  the  conditions  of  growth  of  the  Bembridge  vegetation,  in  view  of  what  has  been  said 
above,  in  the  following  terms:  winged  fruits  and  seeds  mostly  from  upland  regions  blown  or 
falling  into  a river  and  carried  probably  by  gentle  currents  into  a lake  or  broad  expanse  of 
freshwater  where  they  settled  quietly  to  the  bottom  to  be  buried  by  fine  silt.  A different  set 
of  plants  has  thus  tended  to  collect  as  compared  with  the  carbonaceous  remains  from  else- 
where "borne  by  turbulent  rivers  in  spate.  Some  of  these  plants  do  occur  at  other  horizons. 
There  are  Apocynaceae  in  the  Lower  Bagshot  and  Hordle  Beds,  Acanthus  at  Hordle,  Abelia 
in  the  Woolwich  Beds,  Lower  Bagshot  and  at  Bournemouth.  But  on  the  whole  although  the 
evidence  points  to  derivation  from  the  same  type  of  Lower  Tertiary  Flora  different  plants  are 
represented  under  the  very  different  conditions  of  accumulation.  Only  at  certain  points  in 
the  deposition  of  the  Bembridge  deposits  was  the  sea  sufficiently  near  for  the  growth  of 
Acrostichum.  That  changes  in  the  plants  themselves  were  to  some  extent  taking  place  can 
now  be  seen  clearly  for  the  first  time,  especially  in  the  water  plants.  Potamogeton  pygtnaeus, 
Limnocarpus  forbesi  and  Brasenia  ovula  still  persist,  but  there  is  a new  species  of  Stratiotes , 
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S.  neglectus,  which  has  superseded  S.  headonensis  while  Aldrovanda  ovata  has  given  place  to 
A.  intermedia.  There  is  insufficient  evidence  to  decide  whether  the  Bembridge  Spiremato- 
spermum  belongs  to  S.  wetzleri  or  S.  headonense , but  there  is  a strong  probability  that  it  is 
S.  headonense  of  the  Lower  Headon  Beds  as  suggested  by  the  small  size  of  the  few  known 
seeds. 

As  in  the  case  of  Hordle  the  correlation  of  changed  phytogeographical  affinities  based  on 
purely  statistical  methods  with  the  younger  age  of  the  Bembridge  flora  may  again  be  mis- 
leading (cf.  Reid  & Chandler,  1933:  54-56).  The  strong  Indomalayan  affinity  is  obvious  but 
the  more  marked  relationship  with  North  Japan  and  China  may  be  due  to  the  unusual 
preservation  of  winged  montane  elements  which  still  survive  today  in  the  mountain  regions 
of  east  and  south-east  Asia  but  were  formerly,  as  already  stressed,  more  widespread  in  a 
broad  belt  of  Lower  Tertiary  forest  then  extending  far  north  of  the  Equator.  Pallot  finds 
greater  evidence  of  American  influence  in  the  microflora,  e.g.  Leitneria , ICastanopsis,  Planera, 
Maclura,  Cyrilla,  Cupania,  Cuphea.  The  only  evidence  of  plants  exclusive  to  the  Southern 
Hemisphere  is  provided  by  pollen:  Restio,  IBanksia. 

It  should  be  noted  that  records  of  Nipa  cease  in  Europe  after  the  Eocene.  The  usual 
assumption  to  explain  the  disappearance  of  this  plant  has  been  that  the  climate  had  become 
too  cool.  Such  a suggestion  needs  the  closest  scrutiny  in  view  of  the  continued  existence  in 
the  European  Oligocene  of  vegetation  which  belongs  to  the  Nipa  flora  such  as  Acrostichum, 
Anemia , Bruguiera,  Engelhardtia,  lodes,  Lauraceae,  Lygodium,  Nelumhium,  Palms  and  the 
Sapotaceae  in  the  Isle  of  Wight;  the  Mastixioideae  in  Germany;  Anacolosa , Barringtonia, 
Talauma,  Flacourtiaceae  genera,  Licuala,  Sapotaceae  in  North  Hungary  and  Tarrietia  near 
Budapest.  It  seems  much  more  likely  that  unsuitable  physical  and  ecological  conditions 
account  for  the  absence  of  Nipa  rather  than  cooling  of  the  climate.  The  estuarine  and  fresh- 
water calcareous  marls  of  the  Isle  of  Wight  and  the  freshwater  swamps  of  Germany  would 
have  been  formed  under  circumstances  impossible  for  the  growth  of  this  plant  with  its  very 
clearly  defined  requirements.  In  the  plant-bearing  localities  of  France  which  are  lagoonal  in 
character,  some  indeed  formed  in  inland  gypsum-bearing  lakes,  Nipa  could  again  not  occur. 
Areas  suited  to  its  growth  must  by  Oligocene  times  have  become  very  restricted  and  there 
may  be  no  deposits  preserved  to  us  from  zones  where  its  floating  fruits  would  have  been 
buried.  To  examine  the  matter  fully  would  require  prolonged  research  into  the  ecological 
conditions  and  former  geographical  situations  of  all  Oligocene  plant-bearing  beds  south  of 
latitude  50  °N. 

The  Hamstead  Beds  afford  little  evidence  from  macrofossils  for  drawing  general  con- 
clusions. The  same  water  plants  continue  with  the  addition  of  two  new  species  of  Stratiotes, 
S.  wehsteri  and  S.  acuticostatus , and  a new  Potamogeton , P.  tenuicarpus.  Land  plants  are  few 
but  Sabal  persists  at  one  horizon  and  Sequoia  is  found,  sometimes  in  great  abundance,  again 
a transported  relic  of  forests  at  an  upland  site. 

To  the  scanty  list  of  land  plants  from  macrofossils  pollen  indeed  adds  some  important 
records  (see  list  pp.  35,  36):  Alnus,  Anemia , several  Conifers,  Carpinus,  Carya,  Corylus, 
Costus,  Engelhardtia , Hamamelis,  Liquidamhar,  Lygodium,  Myrica,  Nyssa,  Parthenocissus, 
Platycarya,  Pterocarya,  Restio,  Sapotaceae  genera,  Sambucus,  Symplocos  to  quote  a few.  To 
the  writer,  in  spite  of  an  increase  of  anemophilous  genera  among  the  pollen  in  the  Hamstead 
Series  representing  broad-leafed  deciduous  types,  the  relationship  indicated  is  still  essentially 
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the  same,  but  there  is  a larger  representation  of  the  montane  elements  of  the  Lower  Tertiary 
vegetation. 

The  Bovey  Tracey  Lake  Basin  is  worthy  of  special  comment.  Like  the  Bembridge  flora, 
but  for  a different  reason,  the  Bovey  sample  flora  falls  into  a different  category  from  any 
other  described.  The  plants  are  preserved  in  freshwater  beds  which  occupy  what  has  been 
described  as  an  inland  tectonic  basin  surrounded  by  steep  bluffs  leading  in  a north-westerly 
direction  to  Dartmoor  (Ussher,  1913:  104)  (cf.  the  Kapnas  lakes  of  Borneo).  At  the  present 
time  the  highest  points  on  Dartmoor  are  not  much  over  2,000  feet  (High  Willhays,  2,039  feet; 
Yes  Tor,  2,050  feet).  The  Lake  Basin  itself  is  of  great  depth,  a borehole  having  been  sunk 
to  667  feet  without  reaching  the  base  of  the  Tertiary  strata  (Dewey,  1948:  61).  Whether  or 
not  the  area  was  slowly  subsiding  during  the  time  that  the  deposits  were  accumulating  is  a 
matter  for  speculation  only.  The  existing  general  surface  of  the  plain  which  coincides  with 
the  site  of  the  basin  varies  between  32  to  200  feet,  the  highest  existing  point  at  the  northern- 
most end  of  the  outcrop  is  442  feet  above  sea  level,  hence  the  bottom  must  have  lain  far  below 
sea-level.  Nevertheless  no  traces  of  marine  strata  have  ever  been  found  and  apart  from  galls 
and  a solitary  insect  no  animal  life  is  preserved.  This  state  of  affairs  is  not  surprising  for  as 
C.  & E.  M.  Reid  (1910:  164)  point  out  the  deposit  is  completely  decalcified. 

Apart  from  overlying  later  Pipe-clays  with  which  we  are  not  concerned,  the  lake  basin 
deposits  appear  to  be  uniform  in  age  and  character  throughout  their  great  thickness.  They 
are  a series  of  alternating  clays  and  lignites  with  a few  sandy  layers  probably  marking  brief 
episodes  of  unusual  spate.  Sections  were  described  in  great  detail  by  Pengelly  (1863).  From 
the  evidence  of  borings  and  detailed  reports  from  various  pits  Reid  believed  that  the  plants 
were  swept  down  from  a narrow  gorge  in  the  higher  surrounding  ground  formed  by  the 
granite.  He  visualized  the  sides  of  the  gorge  as  densely  clothed  with  Sequoia  couttsiae,  which 
is  peculiarly  abundant  in  a pit  close  to  the  mouth  of  the  narrow  valley  leading  from  Dartmoor. 
Osmunda  lignitum  must  have  been  common  in  marshy  places.  Calamus  jungle  also  appears  to 
have  played  an  important  part  in  the  vegetation.  Near  the  middle  of  the  ‘Lake’  fruits  of 
Nyssa  abound  and  the  trees  probably  overhung  the  water  as  they  do  today  in  south-east  Asia 
and  in  America.  There  were  also  Magnolia , Meliosma , several  of  the  Taonabeae  (species 
wrongly  referred  to  Myrtaceae  by  Chandler  in  1957),  Symplocos  species  and  (represented  by 
leaves  according  to  Heer,  1862)  Cinnamomum , Ficus  and  Laurus.  Lauraceae  cupules  are 
common.  These  largely  evergreen  plants  indicate  a certain  measure  of  warmth  and  humidity 
at  all  seasons  of  the  year.  With  them  grew  Rutaspermum  and  various  species  of  Vitis  and 
Parthenocissus.  Deciduous  hardwood  trees,  although  rather  less  common,  are  represented  by 
Corylus,  Quercus  (Heer,  1862),  Fagus,  Carpinus  and  perhaps  by  Zelkova  and  Hamamelidaceae. 
Such  trees  may  have  been  derived  from  a slightly  higher  terrain  in  the  hills  or  may  have  grown 
in  association  with  the  evergreen  species.  Sequoia  couttsiae , although  it  is  found  in  greater  or 
lesser  abundance  in  every  Lower  Tertiary  flora  of  southern  England,  is  always  much  broken 
and  battered  and  commonly  represented  by  rather  small  fragments  obviously  transported 
from  a distance.  At  Bovey  it  is  present  in  the  greatest  abundance  and  is  represented  by  masses 
of  wood  which  with  Osmunda  form  the  bulk  of  the  lignitic  seams;  there  are  large  and  small 
twigs  together  with  cones  and  seeds  in  rich  profusion.  Even  supposing  the  Dartmoor  of 
Eocene  or  Oligocene  times  to  have  been  somewhat  higher  than  it  is  at  present,  the  probable 
altitude  for  the  Sequoia  belt  is  unlikely  to  have  much  exceeded  2,500  feet  if,  as  King 
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(1962:  386-393)  suggests,  the  skyline  tors  of  the  present  day  are  the  residual  remains  of  an 
early  Caenozoic  summit  topography.  In  an  area  in  and  around  the  lake  itself  water  and  marsh 
plants,  such  as  Potamogeton  tenuicarpus,  Stratiotes  websteri  and  Brasenia  ovula  would  have 
established  themselves.  These  all  flourish  also  at  sea-level,  the  last-named  being  particularly 
common  in  estuarine  waters.  Other  plants  of  a similar  marshy  habitat  were  Lysimachia, 
probably  Microdiptera  parva  (also  found  in  the  Highcliff  Sands  and  Lower  Headon  Beds), 
Spirematospermum  wetzleri,  Caricoidea  nitens , Salvinia  sp.  Rubus  microspermus  may  have 
scrambled  on  shrubs  and  bushes  on  the  lake  shores  but  is  also  found  as  a lowland  species  in 
the  Upper  Headon.  The  absence  of  lowland  tropical  strand  plants  or  of  lowland  tropical 
continental  species  so  common  in  the  coastal  and  continental  beds  of  the  Tertiary  is  noticeable. 
The  only  representative  of  such  genera  is  the  rare  Mastixia,  represented  by  a distinct  small 
species.  The  genus,  although  it  may  occasionally  ascend  to  4,000  feet,  is  commonly  an  element 
of  the  lowland  flora  of  the  tropics  today. 

Whatever  the  true  age  of  this  deposit  may  be,  it  gives  a picture  of  indigenous  upland 
vegetation  of  the  Tertiary  tropical  belt  accumulated  at  some  little  distance  below  the  altitudes 
where  it  grew.  At  this  site  it  is  unmasked  by  the  lowland  continental  plants  mingled  with 
strand  plants  commonly  found  in  the  other  Tertiary  plant  beds.  It  is  therefore  of  immense 
importance  especially  as  it  is  the  only  flora  so  far  fully  described  in  this  country  from  such  a 
position.  It  probably  helps  us  to  identify  and  interpret  some  at  least  of  the  upland  elements 
of  the  common  lowland  deposits.  Whereas  some  plants  may  have  been  tolerant  of  a wide 
range  of  conditions,  e.g.  Osmunda,  which  would  be  unlikely  to  have  been  transported  intact 
from  an  upland  site  to  a lowland  one  as  in  the  Bournemouth  Beds,  or  again  perhaps  Cleyera?. 
which  is  such  an  abundant  constituent  of  most  lowland  Eocene  floras  and  of  the  Bovey  flora 
also  (although  wrongly  referred  to  Myrtaceae  in  1957),  some  other  plants  found  abundantly 
at  Bovey  may  provide  a clue  to  the  altitude  at  which  they  really  grew,  probably  between 
500  and  1,000  to  2,500  feet. 

The  age  of  the  Bovey  Lignites  has  for  long  been  a matter  about  which  varied  opinions 
have  been  held.  It  has  been  referred  to  the  Eocene,  Miocene  (this  at  a time  when  the  Oligocene 
formation  had  barely  been  differentiated)  and  Oligocene.  Heer  (1862),  who  examined 
successive  seams  in  the  Bovey  Coal  Pit  down  to  125  feet  was  convinced  that  it  was  a fresh- 
water lake  representing  a period  of  considerable  duration  but  throughout  (Pleistocene  Beds 
apart)  of  Lower  Miocene  age.  C.  & E.  M.  Reid  (1910:  163)  believed  the  beds  near  the  surface 
at  Bovey  to  be  the  same  as  those  near  the  bottom  of  a boring  at  Heathfield.  On  this  inter- 
pretation the  youngest  beds  are  those  at  Heathfield,  and  all  belong  to  a single  deposit  of  Upper 
Oligocene  age.  Chandler  (1957:  75)  in  discussing  the  age  sounded  a note  of  caution  based  on 
the  long  range  in  time  of  many  Tertiary  species.  From  many  years  of  work  on  these  beds  the 
difficulty  of  dating  Eocene  and  Oligocene  deposits  by  plant  remains  is  here  reiterated.  As 
indicated  earlier,  experience  suggests  that  a Lower  Tertiary  type  of  tropical  vegetation 
ranged  almost  unchanged  from  the  lowest  to  the  highest  Eocene  and  into  the  Oligocene  so 
far  as  these  latter  deposits  are  known  in  southern  England.  For  instance  the  presence  of 
Sequoia  couttsiae  cannot  help  in  this  investigation  in  that  it  occurs  from  the  Woolwich  Beds 
upwards  to  the  Hamstead  Beds.  However,  as  pointed  out  in  1957,  there  are  certain  indications 
that  the  Bovey  flora  is  not  older  than  the  Highcliff  Sands  or  Bournemouth  Marine  Series  as  is 
suggested  by  the  presence  of  Microdiptera  parva  and  Brasenia  ovula.  Of  greater  significance 
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for  the  purpose  of  dating  the  deposit  are  Stratiotes  zvebsteri,  Potamogeton  tenuicarpus  and 
Rubus  microspermus  which  only  appear  in  the  Oligocene,  the  first  two  in  the  Hamstead  Beds, 
the  last  in  the  Upper  Headon.  In  view  of  this  and  of  the  limited  age  of  the  species  of  Stratiotes 
together  with  the  fact  that  S.  zvebsteri  appears  for  the  first  time  in  the  Oligocene  strata  the 
writer  believes  that  the  Bovey  Beds  which  contain  this  species  are  unlikely  to  be  older  than 
the  Oligocene.  It  may  here  be  mentioned  that  the  species  was  found  in  1926  by  Chandler  in 
the  highest  beds  of  the  old  flooded  Bovey  coal  pit  while  Heer  and  Pengelley  recorded  it  as 
abundant  in  the  forty-sixth  and  fifty-fourth  beds  (197  and  105  feet  down  respectively)  so  that 
the  uppermost  197  feet  at  Bovey  at  least  are  probably  Oligocene  while  the  older  deeper  beds 
can  therefore  not  be  younger  than  this  and  if  not  Oligocene  must  date  from  the  Eocene.  The 
beds  above  170  feet  at  Heathfield  (Strahan,  1915 : 1080)  might  be  younger  than  any  at  the  old 
Bovey  ‘coal  pit’  and  as  so  far  there  is  no  record  of  Stratiotes  from  the  alleged  higher  beds  at 
Heathfield  this  leaves  open  the  possibility  that  they  could  be  younger.  While  Rubus  micro- 
spermum  and  Potamogeton  tenuicarpus  (both  Oligocene  species)  are  found  in  the  Heathfield 
pit  it  is  true  that  we  do  not  know  the  upper  geological  limit  of  these  species  in  that  the  English 
record  breaks  off  with  the  Hamstead  Series.  It  therefore  may  be  necessary  to  keep  an  open 
mind  about  these  highest  beds  of  the  lake  basin.  It  is  unfortunate  that  we  are  in  total  ignorance 
of  the  English  Miocene  flora  owing  to  its  destruction  by  past  geological  events.  Even  so  in 
the  German  Brown  Coal  the  typical  Miocene  Stratiotes , S.  kaltennordheimensis  has  a more 
‘modern’  aspect  that  any  British  Oligocene  species.  In  its  relatively  slender  form  and  its  long 
narrow  keel  with  diagonal  raphe  it  approaches  the  preglacial  S.  intermedius  and  the  slightly 
smaller  Recent  S.  aloides.  This,  in  the  opinion  of  the  writer,  affords  confirmatory  evidence  of 
the  pre-Miocene  age  of  those  Bovey  beds  which  contain  S.  zvebsteri. 


A NOTE  ON  THE  PART  PLAYED  BY 
ANIMALS  IN  PLANT  DISTRIBUTION 

The  foregoing  pages  have  been  concerned  with  the  mechanical  accumulation  of  plant  remains 
by  physical  agencies  of  which  water  is  by  far  the  most  important.  Lest  the  subject  of  animal 
dispersal  should  appear  to  have  been  overlooked  a few  sentences  are  here  added  about  this 
phenomenon.  That  mobile  creatures,  more  especially  birds,  are  of  paramount  importance  as 
transporting  agencies  is  common  knowledge  and  was  not  overlooked  by  Ridley  who  gives 
numerous  instances  of  their  activity  and  goes  so  far  as  to  state  that  many  plants  identified  in 
the  Eocene  are  today  bird  dispersed  (Ridley,  1930:  442).  He  refers  also  to  the  activities  of  civet 
cats,  pigs,  elephants,  squirrels  and  various  types  of  bat.  Among  genera  of  plants  listed  in 
connexion  with  such  dispersal  by  living  agents  are  a number  which  occur  as  fossils : Beilsch- 
media , Celtis,  Cinnamomum , Cornus,  Diospyros,  Ficus , Grezvia,  Ilex , Livistona,  Magnolia , 
Myrica,  Nyssa,  Rhus,  Rubus,  Sabal,  Sambucus,  Symplocos,  Tetracera,  Viburnum,  Vitis.  Ridley 
also  groups  whole  families  as  bird  or  bat  distributed:  Anacardiaceae,  Anonaceae,  Am- 
pelidaceae,  Cornaceae,  Cucurbitaceae,  Dilleniaceae,  Ebenaceae,  Flacourtiaceae,  Lauraceae, 
Magnoliaceae,  Menispermaceae,  Myricaceae,  Palmae,  Sapotaceae,  Symplocaceae,  Styraceae. 
The  distribution  of  water  plants  is  effected  in  no  small  measure  by  ducks  and  other  aquatic 
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fowl  as  is  well  established.  Instances  which  spring  to  mind  are  Potamogeton,  Ruppia , Stratiotes, 
Sparganium.  To  the  genera  or  families  named  by  Ridley  many  more  could  be  added  from  the 
fossil  record.  Take  as  an  example  the  Rutaceae.  In  Rutaspermum  from  Hordle,  especially 
R.  ornatum,  the  hard  endocarps  not  infrequently  show  a clear  cut  circular  incision  which 
could  have  been  caused  by  a rodent,  insect  or  bird  intent  on  extracting  the  kernel.  A trained 
zoologist  would  probably  know  which  type  of  creature  had  been  at  work.  Widespread  dis- 
semination of  seeds  and  fruits  undoubtedly  occurs  during  a bird’s  flight  after  feeding  and 
must  certainly  account  for  some  of  the  many  casual  occurrences  where  a genus  is  represented 
in  a deposit  by  one  or  a few  specimens  only.  But  the  chances  that  it  was  introduced  into  a 
deposit  by  rolling  or  rainwash  are  also  strong  and  it  is  not  possible  to  discriminate  between 
the  above  means  of  transport  of  most  of  the  species  described.  The  immediate  accumulation 
of  the  plant  deposits  discussed  at  some  length  above  is  due  to  mechanical  concentration  and 
sifting  of  material,  some  of  which  was  windblown,  some  of  which  was  transported  by  rain- 
wash  or  gravity  or  stream  channel  and  some  of  which  may  have  already  undergone  a measure  of 
animal  dispersal  before  coming  into  contact  with  the  flood  waters  which  have  produced  the 
seams  and  lenticles  in  which  most  fossil  fruits  are  found. 


GENERAL  BACKGROUND  OF  TERTIARY 
FLORAS  IN  THE  OLD  AND  NEW  WORLDS 

We  have  now  considered  the  Lower  Tertiary  tropical  flora  as  it  is  preserved  in  the  plant  beds 
of  Southern  England  from  the  Woolwich  and  Reading  Series  and  the  London  Clay  to  the 
Oligocene  Hamstead  Beds.  We  have  noted  the  predominance  of  lowland  tropical  types 
mingled  with  the  less  abundant  remains  of  the  contemporary  upland  vegetation  of  cooler 
character  which  are  also  present  in  most  of  the  deposits  studied.  In  conclusion  it  may  be 
useful  to  see  this  local  Lower  Tertiary  plant  life  of  England  against  the  wider  setting  of 
vegetation  in  the  Eurasian  land  mass  of  the  northern  hemisphere. 

Evidence  of  lowland  vegetation  from  some  inland  localities  of  the  same  climatic  type  as 
the  Nipa  flora,  and  from  others  near  the  contemporary  seaboard,  is  not  lacking  on  the 
European  mainland,  where  one  or  two  outstanding  examples  of  recent  work  may  profitably 
be  mentioned. 

In  the  older  Brown  Coal  of  Germany  the  plants  represented,  although  indicative  of 
warmth  and  humidity,  are  to  a considerable  extent  different.  This  may  be  accounted  for, 
in  part  at  least,  by  the  fact  that  the  Brown  Coal  reveals  the  life  of  a tropical  swamp  whereas 
the  English  deposits  chiefly  show  the  forest  vegetation  from  various  altitudes  which  clothed 
the  river  valleys,  that  of  their  lowland  tropical  reaches  being  predominant.  The  Brown  Coal 
is  distinctive  on  account  of  the  peculiar  Mastixia  flora  which  it  yields  in  such  rich  abundance. 
The  section  Mastixioideae  of  the  family  Cornaceae  appears  to  have  run  riot.  It  is  represented 
by  peculiar  fruited  extinct  forms  not  yet  found  elsewhere.  Our  nearest  approach  to  this 
development  in  English  strata  is  afforded  by  the  smaller  and  less  spectacular  Mastixioideae 
of  the  London  Clay  ( Beckettia , Lanfrancia , Langtonia , Mastixia , Portnallia ) and  by  Eomastixia 
and  Mastixicarpum  from  successive  Eocene  beds  above  that  formation.  Indeed  the  actual 
species,  Eomastixia  rugosa,  is  common  to  the  English  Eocene  and  the  German  Brown  Coal,  as 
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is  the  genus  Mastixicarpum.  These  two  forms  occur  only  in  Eocene  beds  in  our  own  country 
so  far  as  is  at  present  known,  whereas  the  German  deposits  which  contain  them  are  regarded 
as  Oligocene.  However,  the  older  Brown  Coal  is  dependent  for  its  dating  on  the  internal 
evidence  of  the  plants  and  the  beds  which  yield  the  striking  ‘Mastixia  flora’  have  been 
variously  dated.  Thus  in  1936  Kirchheimer  referred  the  beds  in  Central  Germany  near  Halle 
(Altenburg,  Borna  and  Meuselwitz  area)  to  the  Middle  Eocene.  Later  (1957)  he  placed  them 
in  the  Middle  Oligocene.  The  absence  of  Mastixioideae  in  the  Oligocene  of  England  may  be 
due  to  our  regrettably  scanty  knowledge  of  the  forest  flora  of  this  period  as  compared  with 
the  Eocene.  Its  absence  from  the  microfossil  record  is  not  surprising  in  view  of  the  fact  that 
there  is  little  Mastixioideae  pollen  in  the  Eocene,  although  the  macrofossils  show  abundant 
evidence  of  the  existence  of  these  plants.  The  Brown  Coal  flora  has  been  so  fully  and  ably 
described  by  Kirchheimer  that  it  is  unnecessary  to  go  into  details.  Reference  should  be  made  to 
his  Brown  Coal  Flora  (1957)  which  also  gives  a full  bibliography  of  earlier  work.  All  that  need 
now  be  stressed  is  that  whether  Eocene  or  Oligocene  and  in  spite  of  its  peculiar  features  the  older 
Brown  Coal  clearly  represents  the  Lower  Tertiary  tropical  Flora  with  its  Lauraceae,  Palms 
and  Mastixioideae. 

As  regards  Poland,  a preliminary  note  on  a new  Eocene  flora  in  the  Tatra  mountains  at 
Chabowka  Creek  near  Jaszczurowka  (Szafer,  1958)  reports  a vegetation  of  entire-margined 
leaves:  Lauraceae,  especially  Cinnamomum;  Palms;  Cornaceae;  Myrtaceae;  Myricaceae  and 
Sterculiaceae.  Szafer  compares  it  with  the  Geiseltal  flora  on  the  Saale  River  near  Halle, 
Central  Germany. 

In  Hungary  a fine  succession  of  Lower  Tertiary  beds  is  now  being  studied  by  Rasky 
and  Kovacs.  From  the  evidence  they  have  already  published  a similar  Lower  Tertiary  tropical 
rain-forest  flora  is  present  there  also.  In  addition  to  the  Nipa  fruits  mentioned  on  p.  45  there 
is  in  the  Lower  Eocene  an  Anonaceae  fruit  Xylopiaecarpum  and  an  Apocynaceae  leaf  (Rasky, 

1956)  from  Tokod  and  Felsogalla  in  Transdanubia.  There  is  also  a climbing  fern  from 
Balinka  allied  to  Stenochlaena  palustris  from  the  eastern  part  of  the  Palaeotropics  (Kovacs, 

1957) .  This  fern  is  at  the  present  dav  associated  with  Lomariopsis  and  Acrostichum. 
Dracontomelon  minimum  from  Tatabanya  (Kovacs,  1957)  is  an  actual  London  Clay  species. 

Turning  to  the  Upper  Eocene  a palm  of  south-east  tropical  Asia,  Actinorhytis,  is  described 
from  Mount  Martinovics  near  Budapest  where  was  also  found  the  flower  of  a dipterocarp, 
Monotes,  which  today  grows  in  tropical  Africa  (Rasky,  1956).  The  latter  bears  a striking 
resemblance  to  an  unidentified  impression  from  the  Lower  Bagshot  (Chandler,  1962,  pi.  29, 
figs.  10,  13).  From  the  marls  of  the  environs  of  Budapest  comes  evidence  of  the  dense  coastal 
woods  of  a tropical  forest  surrounded  by  moderately  high  mountains  from  which  some  plants 
have  been  transported  to  the  lowland  site  (Rasky,  i960).  The  flora  includes  leaves  of  Nipa, 
Flacourtiaceae,  Passiflora,  Cinnamomophyllum,  the  winged  fruits  of  Abelia  quadrialata. 
From  the  Lower  Oligocene  layers  comes  Tarrietia  related  to  a Javanese  rain-forest  species 
(Rasky,  1950).  In  the  Lower  Oligocene  (or  possibly  Upper  Eocene)  are  found  Engelhardtia 
and  Hooleya  kermis  already  noted  as  preserved  in  the  same  way  in  the  Oligocene  Bembridge 
Beds  of  England.  They  and  Abelia  are  probably  derived  from  the  submontane  zone.  Other 
genera  are  Sequoia  and  Tetraclinis,  Betula , Tetrapteris  and  the  problematical  Embothrites 
(which  whatever  it  may  or  may  not  be  has  no  connexion  with  Proteaceae),  Mimosites  (leaves), 
Maoutia  allied  to  a Javanese  species,  Zizyphus  and  Kydia  (Rasky,  1956). 
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In  the  Upper  Oligocene  (or  Lower  Miocene)  a rich  leaf  flora  from  North  Hungary  from 
the  River  Ipoly  (Ipolytarnoc)  is  now  being  studied.  Only  a preliminary  report  (Rasky,  1959) 
is  as  yet  available,  but  there  is  an  overwhelming  predominance  of  tropical  genera  and  the 
frequent  occurrence  of  some  of  the  species  suggests  to  Rasky  dense  rain-forest  requiring  an 
annual  average  mean  temperature  of  20  0 to  25  °C.  and  a high  precipitation.  Mountain  plants 
are  also  present.  The  sea  with  its  warm  Tethyan  currents  was  near.  Among  warm  genera  or 
families  are  Calamus , Sabal,  Licuala,  Anacolosa,  Talauma , Barringtonia,  Schefflera,  Lauraceae, 
Sabiaceae,  Flacourtiaceae  and  Sapotaceae.  Mountain  forms  include  Myrica,  Pterocarya, 
Magnolia,  Manglietia  and  Michelia. 

We  now  pass  to  an  even  wider  aspect  of  the  background.  The  current  generalized  picture 
of  Eurasian  Tertiary  vegetation  is  due  to  an  outstanding  degree  to  the  researches  of  the  late 
A.  N.  Krystofovich,  one  of  the  greatest  palaeobotanists  of  the  U.S.S.R.,  who  in  his  turn  has 
made  use  of  and  co-ordinated  the  results  of  researches  by  many  other  workers  in  that  vast 
territory.  He  mentions  among  others  Palibin,  Pimenova,  Vasileska,  Kovals  and  Nikitin. 
These  workers  have  provided  new  information  or  found  new  floras,  mostly  leaf  floras,  from 
areas  previously  unstudied  in  the  far  north,  Far  East  and  middle  regions  of  Asia  and  the 
Caucasus.  Long  ago  Krystofovich  printed  in  an  English  journal  (1929,  1935)  a brief  pre- 
liminary sketch  of  the  character  and  distribution  of  Tertiary  vegetation  in  the  Northern 
Hemisphere  of  the  Old  World.  Previous  to  this  time  much  confusion  had  been  caused  through 
erroneous  dating  of  isolated  plant  deposits  at  a number  of  localities,  also  through  the  admixture 
in  old  collections  of  plant  impressions  from  more  than  one  horizon.  In  order  to  clarify  the 
position  Krystofovich  began  by  listing  some  of  the  chief  floras  then  known  from  the  Urals 
to  the  Pacific  coast  of  Asia  giving  their  correct  geological  positions.  This  information  was  new 
to  many  palaeobotanists  in  Western  Europe.  In  subsequent  papers  Krystofovich  enlarged  the 
number  of  accurately  dated  plant  localities  as  the  result  of  his  own  studies  and  those  of  his 
fellow  countrymen,  the  new  records  ranging  over  the  Eurasian  continent  from  the  Arctic  to 
Turkestan,  the  Altai  and  Mongolia,  account  being  taken  also  of  deposits  in  China  and  Japan. 
Out  of  the  earlier  chaos  order  was  gradually  produced  by  his  masterly  grasp  of  the  complex 
facts  and  their  significance.  These  later  papers  are  in  Russian  (1955,  1959;  see  also  Budantsev 
and  Vassilevskaya  in  Memoir  of  A.  N.  Krystofovich,  1957)  and  owing  to  the  difficulty  of 
mastering  an  unfamiliar  language  are  not  as  well  known  here  as  they  deserve  to  be.  One  of 
the  earliest  generalizations  to  emerge  from  Krystofovich’s  studies  was  the  fact  that  a vegetation 
of  temperate  deciduous  woodland  type  preserved  north  of  a north-west  to  south-easterly 
line  from  Belgium  to  the  Volga  River  (Kamyshin  and  Mugodjar  Mountain)  and  thence 
across  Asia  to  Korea  and  south  Japan  was  not  contemporary  with  a similar  vegetation  south 
of  this  line  in  the  Miocene  and  Pliocene  of  Europe  but  was  considerably  older. 

By  an  analysis  of  the  floras  in  these  two  areas  Krystofovich  was  able  to  decipher  the 
development  of  Phytogeographical  regions  in  the  Northern  Flemisphere  of  the  Old  World. 
The  marked  difference  between  the  older  and  younger  Tertiary  floras  in  Western  Europe 
and  the  European  part  of  the  U.S.S.R.  was  noted.  This  change  in  the  succession  was  in 
striking  contrast  to  what  occurred  in  Eastern  Asia  where  in  China  and  Japan  many  Tertiary 
genera  survive  today.  Some  indeed  can  be  traced  right  back  into  older  Tertiary  beds  while 
many  are  found  in  younger  Tertiary  strata. 

Krystofovich  builds  up  his  history  of  the  Tertiary  gradually  from  the  disappearance  of 
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the  typical  ancient  Mesozoic  vegetation  which  dominated  this  region  in  the  first  half  of  the 
Cretaceous  period.  In  the  Cenomanian  and  Senonian  he  sees  evidence  of  floras  living  under 
warm  or  moderately  warm  conditions  as  indicated  by  luxuriant  growth  far  to  the  north.  A 
few  relicts  of  the  earlier  vegetation,  Bennettites,  Baiera,  Podozamites  and  Caytonia,  still 
survived  in  the  Upper  Cretaceous  but  did  not  persist  beyond  this  era.  Already  there  were 
many  Recent  dicotyledonous  families  and  even  Recent  genera,  e.g.  Anemia,  Jug  Ians,  Sabal , 
Sequoia,  Metasequoia,  Ficus,  Nelumbium,  Anona,  to  quote  only  a few  from  the  rich  records  of 
the  late  Cretaceous,  some  being  from  the  United  States  of  America.  Geographical 
differentiation  was  believed  to  be  weak,  although  Krystofovich  agrees  it  must  have  existed 
since  palms  were  restricted  to  southern  latitudes  in  Europe  and  the  United  States.  More,  he 
believes,  would  be  apparent  if  careful  analyses  were  made  of  the  newest  and  most  reliable 
palaeobotanical  data.  In  addition  to  readily  recognizable  plants  there  were  dicotyledons  of 
doubtful  taxonomic  position. 

Within  this  relatively  uniform  Holarctic  complex  or  ‘Phytogeographical  Region’  with 
differences  mainly  of  ecological  character  only,  Krystofovich  perceives  the  development  by 
the  Palaeocene  of  two  ‘provinces’  which  he  depicts  on  a map  (1955,  fig.  1 on  p.  838).  These 
‘provinces’  must  by  this  time  be  regarded  as  distinct  whether  viewed  taxonomically  or  phyto- 
geographically.  The  northern  ‘province’,  between  latitudes  82 °N.  and  50°  to  55  °N.  in  Europe 
and  western  Asia  declining  to  about  40  °N.  in  eastern  Asia,  he  terms  the  Greenland  Province. 
It  is  largely  temperate  having  a flora  which  includes  large-leafed  dicotyledons  of  delicate 
texture  like  Pterospermites.  The  fern  Onoclea  is  highly  characteristic  as  are  Trocliodendroides, 
Metasequoia,  Taxodium  and  Ginkgo.  Palms  have  a very  restricted  distribution,  on  the  Yukon 
River  up  to  61  °N.  latitude,  while  Sabal  occurs  in  the  Aleutian  Islands.  All  relicts  of  typical 
Mesozoic  vegetation  have  now  gone.  With  this  northern  province  we  are  not  closely  concerned 
in  dealing  with  the  Tertiary  of  Southern  England. 

South  of  the  boundary  mentioned  above,  which  is  that  of  the  temperate  broad-leafed 
deciduous  woodland  already  referred  to,  lay  a southern  ‘province’  named  the  Gelinden 
Province,  a title  taken  from  the  classical  Palaeocene  locality  at  Gelinden  in  Belgium,  where 
abundant  Amentiflorae  have  been  recognized.  But  evergreen  plants  were  the  dominant 
element  and  Lauraceae  were  one  of  the  most  characteristic  constituents,  more  especially 
Cinnamomum.  Viburnum  abounded  and  Sabal  was  common.  Upper  Cretaceous  relicts  still 
existed  like  Dryophyl/um  and  Macclintockia.  Both  the  Greenland  Province  and  the  Gelinden 
shared  the  extinct  forms  Dewalquea,  Macclintockia,  Grezviopsis,  Cissites  and  Dryophyllum, 
while  Platanus  was  very  abundant.  They  thus  possessed  a distinct  unity  as  derivatives  of  his 
single  Holarctic  region.  Despite  these  common  features  the  southern  province  appears  to 
have  had  a warmer  climate  and  vegetation  than  that  of  the  northern. 

By  Eocene  times  the  ‘provinces’  as  above  defined  had  developed  into  two  definite  and 
distinct  ‘phytogeographical  regions’.  The  northern  region  which  Krystofovich  named  the 
Turgaian  is  the  equivalent  in  Eurasia  of  Chaney’s  Arcto-Tertiary  Flora  in  America.  It  was 
characterized  by  the  broad-leafed  deciduous  temperate  forests  from  which  the  Recent 
Japanese  and  Chinese  forest  flora  eventually  descended,  notable  members  of  this  flora  being 
Trochodendron,  Fagus,  Magnolia , Actinidia,  Phellodendron , Metasequoia  and  Vitis.  Relicts  like 
Trocliodendroides , Dombeyopsis,  Grezviopsis  had  now  disappeared  although  Cercidiphyllum 
still  persisted  from  the  Palaeocene.  Platanus  survived  but  decreased  in  importance;  other 
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genera,  Populus,  Castanea,  Fagus,  Ulmus , Comptonia , Corylus,  Jug  Ians,  Acer , Phellodendron, 
Taxodinm  played  an  increasingly  important  part.  Whereas  some  characteristic  Turgaian 
genera  are  found  today  only  in  the  Far  East,  others,  for  instance  Sequoia , Taxodium,  occur 
only  in  North  America  and  yet  others,  e.g.  Liquidambar  and  Liriodendron , still  persist  in  both 
worlds. 

Contemporaneously  with  the  conversion  of  the  Greenland  ‘Province’  into  the  Turgaian 
‘Region’,  the  Gelinden  ‘Province’  was  metamorphosed  into  a southern  phytogeographical 
‘Region’  named  the  Poltavian  (from  the  Poltava  Sandstones  of  the  Ukraine  where  its  flora 
was  typically  developed)  by  the  loss  of  the  distinctive  Palaeocene  element  such  as  Dezvalquea , 
Dryophyllum  and  the  introduction  of  Nipa  and  Acrostichum  (=Chry sodium  lanzaeanum), 
with  an  immense  development  of  Lauraceae  and  of  many  other  evergreen  types.  The  charac- 
teristic Sequoia  couttsiae  was  present  and  the  Araucarineae ; Pinus  also  occurred.  It  is  within 
this  southern  ‘Region’  that  the  Tertiary  Eocene  and  Oligocene  floras  of  the  south  of  England 
must  be  placed,  a region  which  was  termed  Palaeotropical  by  Chaney,  corresponding  to  his 
Neotropical  region  in  America.  Krystofovich  believed  the  normal  climate  to  have  been  hot 
and  humid  but  with  certain  wide  ecological  variation.  This  he  illustrates  by  reference  to  a 
xerophytic  plant  belt  extending  from  France  to  Turkestan  which  had  a hot  and,  as  time 
passed,  an  increasingly  dry  climate.  In  this  connexion  the  white  sands  of  Cutshak  and  the 
xerophytic  territory  in  the  eastern  U.S.S.R.  as  at  Mugodjaz,  Kazakstan  and  Turkestan  are 
specified  where  Proteaceae  such  as  Dryandra  and  Palibinia  abounded.  The  dry  zone  he 
thought  marked  the  beginnings  of  those  conditions  which  later  culminated  in  the  great  desert 
stretches  of  Central  Asia.  As  an  illustration  of  the  opposite  extreme  in  climate  Krystofovich 
instances  the  Brown  Coal. 

With  the  subsequent  history  of  the  two  Regions  as  he  set  it  forth  we  are  not  really  con- 
cerned in  our  study  of  the  English  Tertiary  vegetation,  for  in  England  the  story  is 
not  preserved  beyond  the  Middle  Oligocene.  It  is  sufficient  merely  to  recall  that  in  the  later 
Oligocene  the  tropical  Poltavian  flora  began  to  retreat,  probably  in  response  to  a cooling 
climate,  and  the  infiltration  of  deciduous  Turgaian  elements  started  so  that  in  the  Neogene 
what  was  formerly  ‘Poltavian’  territory  is  largely  occupied  by  a deciduous  forest  with  strong 
east  Asiatic-east  North  American  affinity. 

Szafer  (1961:  178)  has  stressed  that  ‘each  physiographically  distinct  region  of  the  Earth 
had  its  distinct  history  of  the  flora  and  climate  in  the  Tertiary’.  He  quotes  from  the  last  work 
of  Krystofovich  (1959)  that  ‘when  investigating  Tertiary  flora  one  finds  in  each  separate 
region  a different  composition  of  the  flora  in  every  stage  of  its  development’.  We  will  consider 
the  bearing  of  this  upon  our  own  case  so  as  to  see  how  it  fits  into  the  generalized  picture  of 
tropical  vegetation  in  the  older  Tertiary  of  western  and  southern  Europe  as  delineated  above. 

We  must  first  emphasize  that  in  England  there  is  no  true  Palaeocene  flora,  nor  are  the 
oldest  Eocene  beds  of  the  continent  here  preserved.  The  few  poor  relics  of  our  Thanetian 
vegetation  do  not  afford  adequate  terms  of  comparison  with  the  somewhat  older  Gelinden 
flora.  The  Woolwich  and  Reading  plants,  if  the  views  set  forth  on  pp.  43-47  are  correct, 
merely  represent  the  continental  (landward  and  estuarine)  phase  of  part  of  the  London  Clay. 
No  evidence  is  preserved  of  enormous  Palaeocene  leaves  like  Dewalquea , Dryophyllum 
and  Macclintockia.  Virtually  the  story  of  Tertiary  plant  life  does  not  begin  until  the  Lower 
Eocene  (as  this  horizon  is  defined).  Already  in  the  Woolwich  and  Reading  Beds  and 


SUMMARY  AND  SURVEY 


85 

oldest  London  Clay  there  is  evidence  that  the  flora  is  of  ‘Poltavian’  type,  a flora,  that  is, 
whose  aspect  is  humid,  hot  and  tropical  without  the  distinctive  Palaeocene  (Gelinden)  features. 
Lauraceae  abound,  Mastixia  occurs  (see  pp.  99,  102),  as  do  Anemia , Lygodium,  Oncoba  and 
Sequoia  couttsiae.  The  Poltavian  character  is  here  stressed,  for  although  no  Nipa  itself  is 
known  to  the  writer  in  the  European  Palaeocene  the  vegetation  is  that  of  the  tropical  lowland 
rain-forest  plus  the  usual  admixture  of  upland  forms  of  Turgaian  type.  Krystofovich’s  reference 
to  Nipa  and  Chrysodium  at  the  Palaeocene  level  may  perhaps  have  arisen  owing  to  some 
confusion  between  Palaeocene  Gelinden  of  Belgium  and  the  Nipa  bearing  Belgian  beds 
which  are  Eocene,  an  easy  matter  when  dealing  in  a strange  tongue. 

Krystofovich  (1955:839)  considers  that  the  two  phytogeographical  regions  of  Turgai 
and  Poltava  had  been  definitely  and  unmistakably  evolved  from  the  preceding  Greenland 
and  Gelinden  Provinces  by  the  Middle  of  the  Eocene.  We  have  seen  however  that  in  England 
a ‘Poltavian’  vegetation  is  already  present  at  the  onset  of  Eocene  times  as  represented  here 
(= Lower  Eocene).  Perhaps  the  discrepancy  of  date  is  due  to  some  local  variation;  more 
probably  it  may  be  due  to  the  fact  that  in  this  country  the  passage  beds  between  the  Palaeocene 
and  Eocene  are  missing  so  that  the  oldest  beds  assigned  here  to  Lower  Eocene  may 
be  equivalent  to  somewhat  higher  horizons  abroad. 

A slight  complication  in  the  use  of  the  term  Poltavian  is  introduced  in  Szafer’s  work  on 
the  Miocene  Flora  of  Poland  (1961:  193).  While  discussing  the  suitability  or  otherwise  of 
using  as  a general  term  for  the  whole  of  Europe  Krystofovich’s  names  for  the  climatic-floral 
zones  he  remarks  ‘the  oldest  Palaeogene  (Palaeocene  and  Eocene)  flora,  whose  distinct  relicts 
are  still  found  in  our  Oligocene  and  even  in  the  Lower  Miocene  should  be  named  Tethys-flora 
rather  than  Gelinden  flora.  The  flora  of  the  next  period,  that  is  of  the  Middle  and  Upper 
Miocene,  which  shows  a distinct  disappearance  of  the  tropical  (subtropical)  element  and  is 
characterized  by  the  abundance  of  the  Mediterranean  elements  s.l.,  was  given  the  name 
of  Poltava  flora  by  A.  N.  Krisztofowicz’. 

Here  then  appears  to  be  an  entirely  different  interpretation  placed  upon  the  term  Poltavian 
and  an  added  reason  therefore  for  finding  a different  designation,  as  suggested  on  p.  4,  for 
the  Lower  Tertiary  rain-forest  flora.  Whatever  term  is  used  appears  to  be  open  to  some 
objection,  and  it  is  therefore  essential  that  the  limitations  of  any  name  adopted  for  a given 
area  or  for  a whole  region  should  be  clearly  defined  in  that  particular  context. 

There  has  already  been  occasion  to  refer  to  American  work  on  the  extension  northward 
of  the  tropical  rain-forest  belt  in  the  late  Cretaceous  and  older  Tertiary  far  beyond  the  territory 
these  belts  of  vegetation  occupy  today.  Chaney  (1940:  482)  has  also  published  a map  on  which 
he  plots  the  range  of  cool  temperate,  temperate,  intermediate  and  warm  floras  then  known 
to  him  across  the  whole  globe.  The  number  of  Asiatic  localities  has  since  been  greatly  enlarged 
by  the  Russian  contribution  to  this  work,  and  the  careful  dating  of  the  deposits  concerned  in 
the  territories  of  the  U.S.S.R.  is  of  great  value.  The  conclusions  reached  by  Chaney  and 
Krystofovich  are  in  essential  agreement.  On  both  sides  of  the  globe  plant  history  has  followed 
a similar  course  while  the  terms  used  to  describe  the  tropical  belt  or  province  have  differed: 
Neotropical  (New  World),  Palaeotropical  (Old  World)  (Chaney);  Poltavian  (Krystofovich). 
Although  distinctive  local  features  are  present  in  the  eastern  and  western  hemispheres 
respectively,  there  is  nevertheless  much  in  common  between  them.  Scott’s  recent  work  on 
the  Eocene  Clarno  flora  of  Oregon,  U.S.A.  clearly  shows  that  the  Neotropical  Flora  is  far 
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closer  to  the  Palaeotropical  (or  Poltavian,  Tethyan,  Lower  Tertiary)  Flora  of  the  Old  World 
than  was  at  first  recognized,  for  London  Clay  genera  and  even  actual  London  Clay  species 
abound.  The  recording  of  indisputable  Nipa  in  the  Palaeocene  of  Brazil  (Dolianiti,  1955) 
and  the  Eocene  of  the  south-eastern  U.S.A.  (Berry,  1914;  1916;  Ball,  1931;  Arnold,  1952) 
is  another  significant  link  between  the  separated  tropical  belts.  The  evidence  preserved  in  the 
southern  hemisphere  calls  for  much  further  study  and  no  attempt  can  be  made  to  discuss  it 
here,  but  every  year  adds  to  our  knowledge  of  the  pattern  of  the  plant  history  of  the  globe 
and  many  details  yet  remain  to  be  filled  in  even  in  the  northern  hemisphere.  There  is  much 
fruitful  and  rewarding  work  still  ahead  before  the  full  synthesis  between  the  different  branches 
of  Tertiary  palaeobotany  can  be  achieved. 


POSTSCRIPT-A  REPLY  TO  VAN  STEENIS’S 
COMMENTS  IN  BLUMEA,  1962 

On  p.  67  of  the  foregoing  Monograph  views  put  forward  by  Professor  van  Steenis  suggesting 
the  transport  of  Nipa  by  ocean  currents  from  south-east  Asia  to  the  London  Clay  site  at 
Sheppey  are  briefly  mentioned.  While  the  Monograph  was  in  the  final  stages  of  preparation 
for  the  press  further  comments  on  the  London  Clay  flora  by  this  distinguished  botanist 
appeared  in  print  in  a paper  dealing  primarily  with  the  present  day  distribution  of  tropical 
plants  via  former  Land  Bridges  (van  Steenis,  1962 a).  Unfortunately  these  comments  are 
based  almost  entirely  on  work  published  many  years  ago  (Reid  & Chandler,  1933)  and  take 
very  little  account  of  a gradual  change  in  outlook  adopted  by  the  surviving  author  and  already 
published  in  part  (Chandler,  1954;  1961).  Work  which  has  only  just  appeared  (Chandler, 
1962)  or  which  is  still  in  the  press  (‘The  Lower  Tertiary  Floras  of  Southern  England’,  III; 
and  this  present  volume,  IV  of  the  Series)  was  not  of  course  available  although  some  of  the 
views  contained  therein  were  communicated  to  van  Steenis  by  letter  in  July,  1961.  It  has 
therefore  become  necessary  to  add  a postscript  to  the  completed  MS  of  this  Summary  to 
meet  the  arguments  used  by  him  in  his  latest  work.  First  of  all  it  may  be  stated  that  the  main 
theme  of  this  Summary  provides  the  author’s  answer  to  van  Steenis’s  major  contentions. 
Basically  he  is  reluctant  to  believe  that  a tropical  flora  could  ever  have  lived  at  latitude  50  °N. 
or  thereabouts.  He  therefore  maintains  that  the  flora  is  ‘warm  temperate  to  slightly  sub- 
tropical - possibly  somewhat  warmer  than  could  be  expected  from  the  latitude,  but  definitely 
not  tropical’.  While  he  accepts  the  determinations  of  the  tropical  shore  genera  Nipa  and 
Ochrosoidea  he  is  concerned  to  prove  from  the  Recent  distribution  of  mangroves  that  what 
he  describes  as  ‘the  tiny  tropical  component’  in  the  London  Clay  comes  from  ‘allocthonous 
drift  material  carried  by  the  Tethys’.  The  supposed  tropical  aspect  of  the  London  Clay  flora 
he  attributes  to  a few  tropical  and  many  subtropical  fruits  transported  in  this  way  from  lower 
latitudes.  He  is  fortified  in  this  opinion  by  the  following  beliefs:  (1)  That  no  one  has  ever 
found  a fossil  fruit  or  seed  in  situ  in  the  London  Clay.  (2)  That  the  large  proportion  of  Nipas 
are  undersized  (and  possibly  barren)  and  so  would  be  transportable  over  large  distances. 
(3)  That  the  only  true  tropical  strand  plants  are  Nipa  and  Ochrosoidea.  (4)  That  the  London 
Clay  flora  is  ‘unique’  when  compared  with  other  Eocene  floras  of  western  Europe  and  that 
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one  cannot  neglect  the  character  of  adjacent  Eocene  floras.  (5)  That  this  uniqueness  means 
that  the  London  Clay  flora  cannot  be  autochonous  and  may  therefore,  it  is  implied,  have  been 
derived  from  any  suitable  and  convenient  spot  on  the  globe  given  the  means  of  transport. 
(6)  That  the  evidence  from  pollen  so  far  available  must  be  discounted  as  wholly  unreliable. 

(1)  Work  by  Davis  (1936)  has  shown  conclusively  that  the  Sheppey  fruits  and  seeds  are 
in  fact  derived  from  the  Sheppey  London  Clay  cliff  section.  This  fact  was  established  by 
careful  traverses  of  the  cliff  which  revealed  the  actual  horizons  yielding  the  flora  in  situ. 
Frequent  slipping  of  large  areas  of  cliff  brings  this  horizon  within  reach  of  the  wasting  action 
of  the  sea  and  the  sorting  and  concentration  by  its  waters  of  the  contained  pyritized  fruits 
and  seeds.  Davis  found  in  situ  a number  of  specimens  of  Nipa  itself  as  well  as  many  other 
genera.  Other  workers  have  also  since  located  fruits  in  situ.  A much  earlier  record  of  a Nipa 
in  the  cliffs  is  now  known  (Shrubsole,  1878:  357,  footnote)  and  of  a Legume  in  situ  in  the 
Town  Well  at  Sheerness.  Venables  has  found  Nipa  in  situ  at  Bognor  and  a number  of 
carbonaceous  fruits  and  seeds  were  discovered  in  situ  by  Curry  at  Nursling  near  Southampton. 
All  these  finds  were  briefly  summarized  by  Chandler  (1961 : 36).  Furthermore  the  cliff  section 
at  Boscombe  in  the  somewhat  younger  Bournemouth  Marine  Beds  abounds  in  Nipa  fruits 
and  seeds  and  in  the  Lutetian  of  Selsey,  Sussex,  Nipa  occurs  both  in  situ  and  drifted. 

(2)  The  large  proportion  of  undersized  Nipas  is  perhaps  not  very  surprising  for  there 
were  many  such  in  a fruiting  head  sent  to  me  some  years  ago  from  Singapore  by  the  courtesy 
of  Dr.  R.  E.  Holttum.  In  addition  to  the  many  undersized  specimens  there  are  also  many 
with  large  well-developed  seeds  at  Sheppey  and  this  is  true  also  of  the  Bournemouth  deposit. 
Moreover  enormous  fruits  have  been  found  at  Selsey. 

(3)  While  accepting  Nipa  and  Ochrosoidea,  the  more  recent  discovery  of  mangroves  has 
been  virtually  dismissed  with  the  statement  that  there  are  onlv  two  species  determined.  Yet 
the  third  unnamed  genus  of  Rhizophoraceae  (which  may  well  prove  to  be  allied  to  Ceriops) 
is  a very  abundant  constituent  of  the  Sheppey  flora  and  is  often  collected  and  brought  in  to 
the  British  Museum  for  determination;  it  was  unrecognized  in  1933.  Van  Steenis  points  out 
that  by  their  widespread  sea-borne  dispersal  and  ‘megatherm’  (=  adapted  to  the  tropical 
climate)  ecology  the  mangroves  are  extremely  important  as  trustworthy  botanical  indices  for 
palaeogeographical  purposes  but  ‘their  dispersal,  although  sea-borne,  is  evidently  not  effective 
over  large  distances’.  How  then  have  the  mangroves  come  to  play  a considerable  part  in  the 
Sheppey  flora  unless  they  grew  at  no  very  vast  distance  from  the  site  of  deposition?  They 
could  scarcely  have  drifted  from  the  distant  tropics  in  view  of  the  above  statement.  We  are 
not  yet  in  a position  to  explain  satisfactorily  a tropical  climate  at  50  °N.  latitude,  but  that  is 
no  reason  for  refusing  to  face  the  facts.  The  existence  of  mangroves,  Nipa  and  Ochrosoidea , 
of  Anonaceae,  Burseraceae  and  Dilleniaceae  (three  families  chosen  from  van  Steenis’s  own 
list  of  exclusively  tropical  families)  in  abundance  in  the  London  Clay  are  indeed  facts  which 
must  be  reckoned  with.  The  Zingiberaceae  (another  of  van  Steenis’s  exclusively  tropical 
families)  plays  a part  in  the  somewhat  younger  Tertiary  deposits  of  Hordle,  Bembridge, 
Bovey  Tracey  and  in  the  German  Lignites.  Van  Steenis  gives  a second  list  of  some  fifty-three 
families  which  he  classifies  as  ‘tropical  pro  major e parte , that  is  with  subtropical  and  a few 
stray  temperate  outliers’.  Among  these  at  least  eighteen  are  represented  in  the  London  Clay 
and  a further  eight  in  beds  with  a comparable  flora  above.  It  would  indeed  be  a curious 
coincidence  if  in  all  these  cases  the  representatives  belonged  to  the  exceptional  ‘subtropical 
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or  stray  temperate  groups’.  In  fact  we  know  that  is  not  the  case  for,  to  take  a few  instances, 
there  are  the  Anacardiaceae  with  at  least  a dozen  species  belonging  to  the  tropical  Spondieae, 
and  they  include  two  species  of  the  Recent  genus  Dracontomelon.  There  are  Flacourtiaceae 
( Oncoba ),  Icacinaceae  ( Palaeophytocrene  allied  to  Phytocrene  and  Chlamy  docary  a ; lodes), 
Menispermaceae  ( Tinomiscium , Tinospora),  Mastixioideae  ( Mastixia ),  Olacaceae  ( Olax , 
Erythropalum),  numerous  Palmae  (some  of  which  must  certainly  have  been  tropical  - Livistona, 
Oncosperma,  Caryotispermum)  and  Vitaceae  ( Tetrastigma  at  least).  Selected  and  mentioned 
in  brackets  above  are  those  where  the  relationship  to  living  genera  has  been  established  but 
the  extraordinary  richness  of  Palmae,  Anonaceae  and  Lauraceae  alone  give  a tropical  aspect 
to  the  flora. 

(4)  We  come  next  to  the  statement  that  the  London  Clay  flora  is  ‘unique’.  This  long  held 
belief  appeared  to  put  it  in  a different  category  from  all  other  European  Eocene  floras  so  that 
a unique  origin  could  be  invoked  - in  this  case,  according  to  van  Steenis,  transport  by  ocean 
currents  over  thousands  of  miles  of  Indian  Ocean,  enlarged  Mediterranean  and  the  Atlantic 
coastal  waters  around  the  massifs  of  Brittany  and  Central  France  to  the  London  Clay  sea 
(cf.  Map  p.  47).  The  uniqueness  of  the  London  Clay  flora,  except  as  regards  its  mode  of 
preservation  in  pyrites,  can  no  longer  be  maintained  and  this  matter  has  been  fully  discussed 
on  p.  61.  It  is  one  only  of  a series  of  similar  floras  of  wide  geological  range  from  the  Upper 
Cretaceous  and  Gelinden  below  to  the  Lower  Headon  and  Bembridge  Beds  above. 

Further  it  is  one  only  in  a chain  of  floras  of  wide  geographical  range  extending  through 
France  (the  Paris  Basin)  and  Belgium,  Germany,  Poland,  Hungary  and  the  Ukraine  in  Europe; 
occurring  also  further  afield  in  the  United  States  of  America  where  indisputable  Nipa  fruits 
are  now  known  in  the  Eocene  of  Texas  and  south  of  the  United  States  in  the  Palaeocene  of 
Brazil.  The  correlated  tropical  flora  is  represented  by  fruits  and  seeds  as  far  north  as  about 
latitude  45  °N.  in  Oregon  (Scott,  1954  and  unpublished  work,  see  p.  58).  The  Oregon  Clarno 
flora  is  very  clearly  of  London  Clay  type  for  it  includes  London  Clay  genera  and  actual 
London  Clay  species,  a number  of  the  genera  being  now  restricted  to  the  Old  World.  To  save 
repetition  reference  should  here  be  made  to  pp.  58,  59  above.  Clearly  with  such  a distribution 
the  Tethys,  let  alone  drifting  in  Tethyan  currents,  cannot  be  the  sole  explanation  of  the  wider 
more  northward  extending  tropical  belt  of  vegetation. 

(5)  There  is  evidence  in  the  whole  character  of  the  freshwater  beds  (Lower  Bagshot, 
Bournemouth,  Lower  Headon)  which  succeed  the  London  Clay  that  their  included  flora  was 
autochonous,  growing  on  the  land  surface  watered  by  rivers  flowing  from  the  west  by  which 
its  remains  were  concentrated  at  certain  points  where  it  has  been  found.  Yet  the  flora  is  of 
the  same  general  type  as  the  London  Clay  (apart  from  the  Nipas  and  mangroves  which  could 
not  occur  in  purely  terrestrial  or  freshwater  vegetation)  (pp.  65-71)  and  the  beds  contain 
abundant  pockets  of  leaves  and  wood  as  well  as  fruits  and  seeds.  To  sum  up:  The  widespread 
evidence  of  a broadly  tropical  belt  on  both  sides  of  the  globe  and  the  evidence  of  an  auto- 
chonous land  flora  whether  in  the  volcanic  deposits  of  Oregon  or  the  freshwater  beds  of 
England,  and  the  evidence  of  tropical  floras  below  and  above  the  London  Clay,  have  led  to 
conclusions  differing  markedly  from  those  set  forth  in  1933. 

(6)  That  the  pollen  determinations  given  by  Ma  Khin  Sein  are  unreliable  is  put  forward 
because  one  determination  ( Nothofagus ) is  regarded  by  some  authorities  (Couper  is  quoted) 
as  erroneous.  That  any  worker  does  and  must  make  mistakes  is  a commonplace  fact  but  the 
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above  accusation  is  scarcely  just.  The  pollen  grains  of  Nipa  at  least  are  distinctive  and  their 
identity  does  not  appear  to  be  questionable.  Nor  is  there  reason  to  doubt  that  they  really 
were  found  in  the  London  Clay  of  the  Isle  of  Wight  near  the  former  mouth  of  an  ancient 
estuary,  i.e.  near  the  site  of  growth  as  would  be  expected  in  the  case  of  such  large  and  heavy 
pollen.  That  heavy  pollen  grains  do  not  travel  far  from  their  place  of  origin  is  widely  accepted 
and  is  even  quoted  by  van  Steenis.  If  they  were  derived  from  other  strata,  it  must  have  been 
from  beds  geographically  and  geologically  adjacent  and  such  would  in  any  case  show  the 
same  climatic  indications  as  the  London  Clay.  The  independent  palynological  work  of  Pallot 
on  the  Tertiary  beds  of  the  Isle  of  Wight  (see  pp.  74,  76)  gives  similar  climatic  evidence  for 
beds  above  the  London  Clay  in  the  presence  of  Bruguiera,  lodes , such  palms  as  Caryota 
and  numerous  Sapotaceae.  The  evidence  from  pollen  cannot  just  be  ignored. 

As  one  of  the  authors  responsible  for  earlier  mistaken  opinions  about  the  London  Clay 
flora  and  the  reasons  for  its  former  existence  in  this  part  of  the  world,  it  seems  only  just  that 
a case  built  upon  these  errors  should  be  considered  and  answered  without  undue  delay.  The 
above  postscript  is  an  attempt  to  put  right  views  based  by  van  Steenis  on  the  false  deductions 
of  the  past  about  the  origins  of  the  London  Clay  flora. 


APPENDIX 

SYSTEMATIC  SECTION  DEALING  WITH  CORRECTIONS  AND 
ADDITIONS  TO  FORMER  PUBLISHED  WORK 

INTRODUCTORY  REMARKS 

It  may  seem  strange  that  after  so  recent  a publication  as  the  Monograph  (Chandler,  1961) 
dealing  with  the  London  Clay  and  other  older  Eocene  floras  it  should  be  necessary  to  attach 
a further  short  supplement  to  this  Summary  volume.  However,  important  new  information 
has  been  discovered  in  the  interval  which  constitutes  a significant  contribution  to  the  subject 
of  the  Lower  Eocene  vegetation. 

1.  THE  WOOLWICH  AND  READING  SERIES 

The  new  knowledge  of  this  limited  flora  comes  in  part  from  old  collections  rediscovered  and 
in  part  from  newly  collected  plant  remains.  In  the  latter  category  is  a small  collection  made 
in  1952  by  Dr.  W.  G.  Chaloner  who  reopened  one  of  Gardner’s  sections  at  the  Waterloo 
Kiln,  Reading,  discovering  thereby  some  of  the  most  characteristic  of  Gardner’s  fruits.  As  a 
result  it  is  now  possible  to  localize  more  satisfactorily  specimens  formerly  referred  vaguely 
by  Chandler  (1961)  to  the  ‘Reading  Beds,  Reading’.  The  following  come  from  the  Waterloo 
Kiln:  Liquidambar  palaeocenica  (1961:67-70);  Leguminosites  gar dneri  (1961:72-73);  Legu- 
minosites  sp.  (1961:73-74);  Phellodendron  costatum  (1961:75);  tOncoba  variabilis  (1961: 
78-80);  Sambucus  sp.  (1961:84);  Jenkinsella  apocynoides  (1961:84;  V.15354-55  only); 
Carpolithus  gar dneri  (1961 : 85);  Carpolithus  spp.  (1961 : 90,  91). 
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Chaloner’s  finds,  kindly  lent  for  study  by  Reading  University  (University  numbers  given 
in  brackets)  include  the  following:  Six  fruits  of  Liquidambar  palaeocenica  (6520-25).  All  are 
incomplete  but  show  the  characters  described  in  1961  and  confirm  the  agglomerate  nature 
of  the  fruiting  heads.  There  is  no  indication  in  any  of  breaking  down  into  separate  fruitlets  as 
would  have  happened  if  they  belonged  to  Platanus.  A bract  at  the  base  of  the  peduncle  as 
in  6521  is  characteristic  of  Hamamelidaceae. 

Seven  specimens  of  Carpolithus  gardneri  (6500-6506,  6508).  6500  is  the  internal  cast  of 
a pod  and  shows  the  follicular  character  clearly  with  the  conspicuous  suture,  now  gaping, 
along  one  side  only.  6501  is  the  external  impression  of  the  same  specimen,  showing  the  suture 
(ventral)  side.  6506  shows  the  lateral  aspect  of  a pod  with  stalk  and  style  and  is,  of  course,  an 
external  impression.  6503,  6508  show  the  attachment  of  the  pod  to  the  twig.  6502,  6504, 
6505  are  incomplete  pods. 

One  specimen  of  Carpolithus  sp.  (cf.  Chandler,  1961,  pi.  8,  fig.  21)  is  a small  flattened 
pod  with  emarginate  apex.  Its  relationship  is  still  untraced,  and  6509  may  be  a poor  imperfect 
specimen  of  the  same  pod  but  is  doubtful  and  perhaps  undeterminable. 

6512  appears  to  show  two  basal  scales  of  a coniferous  cone  not  determinable  by  itself. 
Should  more  complete  material  be  found  with  which  it  could  be  matched  it  could  probably 
be  named. 

One  other  specimen  of  Carpolithus  gardneri  (6540)  shows  a poorly  preserved  branched 
twig  bearing  remains  of  pods.  Its  value  lies  in  the  fact  that  it  comes  from  a new  locality,  the 
Bean  Sheaf  Farm  Pit,  near  Calcot,  Reading. 

As  none  of  the  above  makes  any  new  factual  contribution  (except  the  possible  bract  or 
stipule  in  6521)  to  knowledge  of  these  species  they  are  listed  here  for  reference  but 
not  described  in  detail. 

This  new  material  of  Carpolithus  gardneri  and  some  specimens  from  America  which  have 
been  assigned  to  Cercidiphyllum  give  a reason  for  considering  again  the  possible  connexion 
of  both  these  groups  of  specimens  with  Jenkinsella  apocynoides  from  the  London  Clay  and 
the  Woolwich  and  Reading  Beds.  In  1961  (p.  85)  Chandler  recognized  that  there  are  characters 
in  common  between  Carpolithus  gardneri  and  Jenkinsella,  but  was  unable  to  accept  that  the 
latter  were  related  to  Cercidiphyllum  as  believed  by  Brown  (1939:  485).  No  American  material 
had  then  been  seen,  so  no  opinion  about  it  was  expressed.  Now  a further  scrutiny  of  Jenkinsella 
as  preserved  in  the  London  Clay,  makes  it  clear  that  these  specimens  are  pods  which  have 
been  subjected  to  varying  degrees  of  abrasion.  This,  in  every  case  so  far  seen,  has  removed 
the  epicarp,  style  and  stalk,  leaving  only  the  ovoid  locule  cast  clothed  with  remains  of  the 
mesocarp.  It  may  even  be  stripped  entirely  of  mesocarp  also,  so  that  the  transversely  and 
finely  striate  locule  cast  alone  remains  with  its  single  suture  flanked  by  its  rows  of  placentae. 
A coat  of  longitudinal  fibres,  sometimes  seen,  is  part  of  the  mesocarp.  Taking  due  account  of 
the  condition  of  the  specimens  there  is  a strong  probability  that  Carpolithus  gardneri  belongs  to 
the  same  genus,  possibly  even  the  same  species,  the  difference  in  appearance  being  due  to  the 
preservation  of  the  curved  style  and  short  stalk  and  the  absence  of  actual  mesocarp  so  that 
the  longitudinal  fibres  are  only  preserved  as  thin  impressions  on  the  external  and  internal 
casts.  The  fibre  scars  which  indicate  placentae  are  also  not  preserved. 

The  series  of  stout  subparallel  but  separate  longitudinal  nerves  (which  very  rarely  fork) 
perhaps  indicate  a monocotyledon,  a relationship  which  would  be  possible  having  regard  to 
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the  horizontally  placed  seeds  piled  in  two  rows  within  the  pod  as  described  in  Jenkinsella  by 
Chandler  (1961 : 298,  pi.  30,  figs.  3,  4;  text-fig.  43).  Unfortunately  the  writer  has  no  intimate 
acquaintance  with  many  monocotyledonous  fruits  which  are  rarely  preserved  fossil.  No 
suggestion  as  to  closer  affinity  can  therefore  be  made  at  present. 

The  great  variations  in  size  shown  by  specimens  of  Jenkinsella  from  the  London  Clay 
and  the  Woolwich  and  Reading  Beds  may  indicate  more  than  one  species.  Some  of  the  sup- 
posed Cercidiphyllum  from  America  may  also  be  related  forms  and  it  is  clear  that  they  do  not 
accord  in  detailed  structure  (so  far  as  they  have  been  seen)  with  fruits  of  Cercidiphyllum 
(cf.  Chandler,  1961:86-90;  text-figs.  4-6)  any  more  than  do  those  from  Reading  or  the 
London  Clay.  The  discovery  of  the  true  nature  of  these  fossils  would  clarify  their  relationship 
to  one  another  and  would  enable  sorting  into  species  or  possibly  even  genera  to  be  carried 
out.  Until  this  can  be  satisfactorily  achieved  it  seems  better  to  retain  the  names  already  in 
use  so  that  no  new  description  is  attempted  in  the  systematic  section.  One  or  two  specimens 
of  Jenkinsella  are  merely  described  and  recorded. 

American  specimens  in  the  British  Museum  are  from  the  LIpper  Cretaceous  Lance 
Formation  and  the  Palaeocene  Fort  Union  Formation  both  from  Montana.  V.45305  from 
the  Lance  Formation  are  typical  Jenkinsella-Yike  internal  casts,  some  showing  the  suture  and 
transversely  striate  locule  lining  with  faint  traces  only  of  the  longitudinal  fibres  (themselves 
abraded).  These  faint  impressions  show  a tendency  to  a spiral  twist  like  that  seen  in  Carpolithus 
gardneri.  The  length  is  14  to  19  mm.;  and  transverse  diameter,  4-5  to  9 mm.  Two  large 
internal  casts  (V.32466)  from  the  Fort  Union  Formation  show  corresponding  characters  but 
are  22  to  24  mm.  long  and  9 to  1 1 mm.  in  transverse  diameter,  while  V.34624  also  from  the 
Fort  Union  are  20  mm.  long;  6 to  9 mm.  in  diameter.  A red  fine-grained  ‘shale’  (V.45304) 
which  fractures  irregularly,  from  the  same  formation  but  with  an  entirely  different  matrix, 
presents  a somewhat  different  picture.  The  piece  of  shale  shows  a small  group  of  fruits  with  a 
twig  fragment  and  impressions  of  dicotyledonous  and  monocotyledonous  leaves.  The  exact 
mode  of  attachment  of  the  fruits  to  the  twig  is  obscure,  but  in  spite  of  the  superficial  re- 
semblance they  bear  to  a whorl  of  fruits  a close  examination  indicates  that  they  arise  at  different 
levels  on  the  stem  although  some  may  have  been  paired.  These  fruits  are  very  different  in  form 
and  size  from  the  other  American  specimens  and  from  the  British  material  already  discussed. 
The  length  is  27  mm.  and  breadth  about  7 mm.  The  pods  are  elongate-ovoid,  very  gradually 
tapering  and  apparently  straight,  not  curved,  at  the  stylar  end.  The  attachment  is  not  clearly 
seen  but  the  convergence  of  the  transverse  ridges  to  a basilateral  point  on  one  specimen 
suggests  that  it  lay  in  this  position.  If  this  is  a correct  interpretation  there  is  no  real  likeness 
either  to  Carpolithus  gardneri  or  to  Jenkinsella  in  which  all  structures  converge  to  the  basal 
attachment  where  the  fruit  springs  from  the  peduncle.  These  pods  on  V.45304  are  impressions 
of  the  external  surface  except  for  the  lower  pointed  end  of  one  internal  case  which  shows 
exactly  the  same  features  as  the  external  impression,  viz.  a somewhat  longitudinally  puckered 
surface  with  fine  discontinuous  short  transverse  ridges.  No  clear  evidence  of  a suture  is 
exposed.  Without  further  material  these  deductions  about  the  structure  must  be  regarded  as 
provisional,  but  so  far  as  the  evidence  goes  V.45304  is  distinct  from  either  Jenkinsella  or 
Carpolithus  gardneri  or  the  American  specimens  V.45305,  V.32466  and  V.34624. 

Returning  to  the  Woolwich  genera  hereafter  described:  Equisetum  is  a new  record  as  is 
the  undetermined  genus  of  the  Gramineae.  So  too  are  Eomastixia  rugosa  and  Mastixia  sp. 


92 


THE  LOWER  TERTIARY  FLORAS  OF  SOUTHERN  ENGLAND 


The  last  two  named  are  from  a new  locality  in  a brickpit  at  Clapham  near  Worthing,  Sussex, 
where  they  were  found  by  N.  Edwards  in  a 3 ft.  Black  Band  generally  believed  to  lie  belowr  the 
London  Clay  and  to  be  referable  to  the  Woolwich  Series. 


2.  OLDHAVEN  SERIES  AND  LONDON  CLAY 

The  Oldhaven  records  are  included  here  with  those  of  the  London  Clay  since  the  Oldhaven 
Series  is  to  be  regarded  as  a Basement  Bed  of  that  formation.  Vitis  and  Eomastixia  found  by 
R.  Thomas  are  from  a new  plant  locality  at  Upnor,  Kent. 

Much  collecting  at  Bognor  led  and  stimulated  by  E.  M.  Venables,  and  further  collecting 
at  Herne  Bay,  has  resulted  in  the  addition  of  eleven  genera  new  to  the  London  Clay  and  five 
records  new  in  that  formation  to  the  Hampshire  Basin.  Outstanding  among  the  collectors 
are  the  late  H.  E.  Taylor,  Mr.  and  Miss  Gilliam,  M.  H.  Ragless,  M.  D.  Finlason.  Miss  H.  P. 
Wilkinson  has  added  important  material  from  the  London  Basin.  The  finding  of  some  small 
specimens  at  Bognor  is  noteworthy  for  they  are  comparable  in  size  with  some  from  the  car- 
bonaceous later  Eocene  deposits  of  the  Hampshire  Basin.  Such  specimens  undoubtedly  may 
occur  in  the  better  known  Sheppey  localities  but  must  be  very  difficult  to  locate  among  the 
coarser  debris  on  the  beaches  at  Herne  Bay  or  Sheppey.  They  present  considerable  difficulties 
to  the  systematic  palaeobotanist  for  there  is  at  present  no  short  cut  to  their  determination.  The 
comparison  of  such  material  with  living  fruits  and  seeds  is  slow  and  laborious  and  many, 
especially  if  deprived  by  abrasion  of  their  outer  coats,  will  go  undetermined.  Some  of  the 
species  about  to  be  described  provide  a new  link  between  the  pyritized  London  Clay  remains 
and  the  typical  carbonaceous  remains  of  other  Eocene  beds.  Such  are:  Sequoia  couttsiae, 
Natsiatum  eocenicum , Rhamnospermum  bilobatum,  Rubus  sp.  and  Eurya  sp.  To  Mr.  D.  Curry 
belongs  the  distinction,  once  again,  of  finding  a new  locality  for  London  Clay  plants 
at  Holtwood  in  Dorset.  A pit,  known  for  animal  remains,  yielded  Parthenocissus  sp.  and 
Rutaspermum  sp. 


3.  HORIZONS  ABOVE  THE  LONDON  CLAY 

Old  collections  have  yielded  two  well- authenticated  and  therefore  valuable  impressions  from 
the  Pipe-clay  Series  at  Corfe.  An  Anonaspermum  may  actually  belong  to  a London  Clay 
species.  An  Abelia  recalls  the  Bembridge  Bed  impressions. 

An  old  cone  of  Pinus  dixoni  is  now  figured  for  the  first  time  from  the  Barton  Beds  and  a 
pinnate  palm  leaf,  presented  by  R.  L.  E.  Ford  from  the  Isle  of  Wight,  probably  from  the 
Upper  Headon  or  Osborne  Beds,  adds  one  more  warm  element  to  the  scarcely  known 
terrestrial  flora. 

To  all  those  generous  collectors  who  have  given  their  specimens  to  the  Museum  our 
warm  thanks  are  due. 

Finally,  it  may  not  be  out  of  place  to  emphasize  the  fact  that  in  working  with  fossil  material 
it  is  often  necessary  to  describe  a genus  or  species  from  a very  limited  number  of  specimens, 
perhaps  from  one  only.  Clearly  within  such  limits  the  full  range  of  variation,  especially  of 
size,  cannot  be  given  so  that  the  original  diagnosis  must  not  infrequently  be  amplified  or  even 
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slightly  modified  when  more  specimens  are  found.  A single  fossil  holotype  does  not  necessarily 
and  sometimes  cannot  provide  all  the  essential  data  for  a full  diagnosis  of  a genus  or  species. 
Common  sense  must  be  brought  to  bear  in  such  cases.  If,  however,  the  fossil  has  distinctive 
characters  by  which  it  can  be  recognized  again  it  is  well  worth  while  to  give  it  a definite  status 
by  diagnosis  and  description  so  that,  as  pointed  out  earlier,  the  information  it  provides  can 
be  used.  The  palaeobotanist,  with  his  incomplete  material,  must  inevitably  make  as  full  use 
as  possible  of  what  is  available  to  him. 


LIST  OF  SPECIES  FOR  DESCRIPTION  OR  REPORT  IN 
STRATIGRAPHICAL  AND  SYSTEMATIC  ORDER 

i.  WOOLWICH  AND  READING  BEDS 


Equisetum  sp. 

Equisetum  sp. 

Lygodium  sp. 

Lygodium  sp. 

Sequoia  sp. 

Gramineae  Genus?  . 

Laurocarpum  sp. 

Laurocarpum  spp. 

Mastixia  sp.  . 

Eomastixia  rugosa  (Zenker)  . 
Apocynaceae  Genus? 

Jenkinsella  apocynoides  Reid  & Chandler 


Sewage  Works,  Beddington,  Croydon 

Dulwich 

Lancing,  Sussex 

Loam  pit,  Lewisham,  Surrey 

Aldworth,  Berkshire 

Newhaven,  Sussex 

Newhaven,  Sussex 

Dulwich;  Streatham 

Clapham,  Worthing,  Sussex 

Clapham,  Worthing,  Sussex 

Croydon 

Dulwich 


2.  OLDHAVEN  BEDS 

Araceae?  Genus?  ..... 

Cocculus  serratus  (Chandler) 

Vitis  sp.  {IVitis  rectisulcata  Chandler)  . . Upnor,  Kent 

lEomastixia  rugosa  (Zenker)  . . . Upnor,  Kent 


3.  BLACKHEATH  BEDS 


Natsiatum  eocenicum  Chandler 


4.  LONDON  CLAY 


Araucarites  sp. 

Sequoia  couttsiae  Heer 

ILibocedrus  sp. 

Nymphaeaceae  Genus? 

Platycarya  richardsoni  (Bowerbank) 
Menispermum ? taylori  n.sp.  . 
Parabaena  bognorensis  n.sp. 
Jatrorrhiza  gilliami  n.sp. 

Talauma  wilkinsoni  n.sp. 

Crowella  globosa  (Bowerbank) 


Clarendon,  Salisbury,  Wiltshire 
Beetle  Bed;  Upper  Fish  Tooth  Bed, 
Bognor 

Beetle  Bed,  Bognor 

Upper  Fish  Tooth  Bed,  Bognor 

Upper  Fish  Tooth  Bed,  Bognor 

Beetle  Bed,  Bognor 

Beetle  Bed,  Bognor;  Sheppey 

Herne  Bay 

Beetle  Bed,  Bognor 
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Rubus  Sp. 

Rutaspermum  sp. 

Lagenoidea  bilocularis  Reid  & Chandler 
Natsiatum  eocenicum  Chandler 
Palaeovitis  paradoxa  Reid  & Chandler 
Parthenocissus  sp. 

Eurya  sp. 

Hightea  .... 
Oncoba  variabilis  (Bowerbank) 

Ehretia  clausentia  Chandler 

Jenkinsella  apocynoides  Reid  & Chandler 
Rhamnospermum  bilobatum  Chandler 
Carpolithus  anthozoiformis  n.sp. 


Upper  Fish  Tooth  Bed,  Bognor 

Holtwood,  Dorset 

Upper  Fish  Tooth  Bed,  Bognor 

Bognor;  Sheppey 

Beetle  Bed,  Bognor 

Holtwood,  Dorset 

Upper  Fish  Tooth  Bed,  Bognor 

Bawdsey;  Bognor;  Herne  Bay 
Upper  Fish  Tooth  Bed,  Beetle  Bed 
and  Lower  Aldwick  Beds,  Bognor 
Upper  Fish  Tooth  Bed,  Bognor 
Beetle  Bed,  Bognor 
Beetle  Bed  and  Lower  Aldwick  Beds, 
Bognor 


5.  LOWER  BAGSHOT 

Anonaspermum  sp.  (?A.  ovale  Reid  & Chandler)  . Corfe,  Dorset 
Abelia  sp.  . . . . . Corfe,  Dorset 

6.  BARTON  BEDS 

Pinus  dixoni  (Bowerbank)  ....  Beckton  Bunny,  Hordle,  Hampshire 

7.  UPPER  HEADON  OR  OSBORNE  BEDS? 

Pinnate  Palm  .....  Yarmouth,  Isle  of  Wight 


8.  BOVEY  TRACEY  LIGNITE 

Vitis  stipitata  Chandler  ....  Heathfield,  Bovey  Tracey,  Devon 


WOOLWICH  AND  READING  BEDS 

Equisetales 

Family  EQUISETACEAE 
Genus  EQUISETUM  Linnaeus 
Equisetum  sp. 

Plate  1,  figs.  1,  2 

Description.  Part  of  a vegetative  shoot  showing  one  node  and  40  and  50  mm. 
respectively  of  the  internodes  on  each  side  of  it.  On  the  same  block  of  matrix  there  is  also  a 
short  fragment  of  obscure  external  impression  and  about  35  mm.  of  internal  cast  now 
separated  from  it. 
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The  larger  and  better  specimen  shows  a concave  external  cast  with  adherent  decayed 
carbonaceous  matter  apparently  representing  the  collapsed  peripheral  layers  impregnated 
with  mineral  substance  but  rotted.  A subcylindrical  internal  cast  has  broken  free  from  the 
concave  cast  below  the  node  after  cracking  transversely  through  a slight  constriction,  but  the 
external  and  internal  casts  still  adhere  above  the  node.  Eight  (possibly  nine)  circular  scars 
mark  the  emergence  of  bundles  to  the  lateral  branches  and  form  a ring  immediately  below 
the  constriction  and  crack.  Several  poorly  preserved  thin  branches  arising  from  these  scars 
lie  in  the  matrix  (PI.  i,  fig.  i).  Below  the  branch  scars  is  a second  constriction  along  which 
smaller  circular  scars  can  be  seen  alternating  with  the  branch  scars.  They  indicate  the  passage 
of  the  vascular  bundles  from  the  stem  to  the  leaf-sheath  (not  seen).  The  surface  both  of  the 
external  and  internal  casts  is  longitudinally  striate  but  owing  to  poor  condition  and  coarse 
matrix  no  details  of  cell  structure  are  visible.  As  a result  of  the  collapse  of  the  peripheral 
tissues  no  regular  ribs  due  to  peripheral  lacunae  are  seen  on  either  cast.  Diameter  of  stem  at 
node,  7 by  5 mm.;  maximum  diameter  of  internode,  io  mm.  (i.e.  true  diameter  increased  by 
partial  crushing). 

The  specimen  does  not  appear  to  be  sufficiently  well  preserved  to  justify  the  giving  of  a 
specific  name.  V.  14749  in  a matrix  with  Hydrobia  and  Char  a from  Woolwich  Beds,  settling 
tank,  Beddington  Sewage  Works,  Croydon,  Surrey. 


Equisetum  sp. 

Plate  1,  figs.  3-7 

Description.  Catkin  or  Spike:  Erect,  stiff,  formed  of  a dense  mass  of  sporophylls,  the 
form  and  arrangement  being  obscure  in  the  much  crushed  heads,  borne  on  a stout  stiff  pedicel 
(V.6469).  Many  of  the  sporophylls  stand  out  horizontally  from  the  axis,  best  seen  in  41181, 
but  the  peltate  head  is  obscure  in  the  crushed  condition  as  is  the  whorled  arrangement.  Some 
of  the  shield-like  heads  can  be  detected  over  the  axis,  and  some  sporangia,  although  again  the 
arrangement  of  these  organs  on  the  shields  is  masked  by  crushing.  V.33810  showed  a mass  of 
spores  exuding  in  patches  and  these  were  kindly  examined  and  photographed  by  Dr.  Jane 
Pallot  (PI.  1,  figs.  3,  4)  who  writes  ‘the  spores  agree  with  those  of  Equisetum  - the  elaters  are 
coiled  up  and  within  each  cell  there  is  what  appears  to  be  the  shrunken  spore  body’.  She 
adds  that  apart  from  the  elaters  the  spore  is  otherwise  rather  featureless.  The  spikes  vary  in 
length  as  in  living  Equisetum  which  elongate  as  they  ripen.  Length,  20  to  30  mm. ; maximum 
diameter,  10  mm.  Diameter  across  spores  surrounded  by  coiled  elaters  about  0-025  to 
0-04  mm.  or  even  0-05  mm.  where  elaters  are  loosely  coiled. 

Remarks.  Nine  specimens  (one  incomplete),  three  of  which  are  figured,  the  remainder 
are  41184,  V.7600-1,  V.7611,  V.45241,  V. 54379.  All  are  crushed  carbonaceous  cones  in  soft 
clayey  matrix  from  the  Woolwich  Beds  of  Dulwich.  The  appearance  strongly  recalls  a male 
cone  of  a conifer.  The  peltate  heads  of  the  sporophylls  are  so  difficult  to  see  at  the  margins  of 
the  cones  that  their  pedicels  appears  as  stiff  bracts  with  pointed  distal  ends.  Possibly  the 
heads  may  have  fallen  from  these  pointed  extremities.  Crushing  causes  the  sporophylls  to  lie 
at  varying  angles  in  relation  to  the  axis  (PI.  1,  figs.  5,  6),  but  in  V.7600  and  41181  (PI.  1, 
fig.  7)  the  general  horizontality  is  clear.  The  discovery  of  clusters  of  the  large  spores  with 
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elaters  still  embedded  in  the  sporangia  left  no  doubt  as  to  the  relationship  which  could  other- 
wise have  been  misinterpreted  and  would  certainly  have  had  to  be  left  in  doubt.  Whether 
these  cones  are  the  same  species  as  the  stems  described  on  p.  94  cannot  be  decided  on  the 
available  evidence. 


Pteridophyta 

Order  F I LI  C ALES 
Family  SCHIZAEACEAE 
Sub-Family  LYGODIEAE 
Genus  LYGODIUM  Swartz 
Lygodium  sp. 

Plate  1,  fig.  8 

Fragments  only  of  entire-margined  pinnules  are  preserved  as  impressions  with  perished 
remains  of  carbonaceous  tissues.  The  fragments  are  too  small  to  show  whether  the  pinnules 
were  lobed  or  not,  but  the  fanning  out  of  the  nervation  on  the  right  of  the  specimen  figured 
suggests  that  they  were.  Part  of  a midrib  is  shown  in  this  specimen  from  which  secondary 
nerves  diverge  at  sharp  angles,  branching  dichotomously  at  varying  distances  from  the  midrib. 
The  nerves  are  about  075  mm.  apart.  The  fragment  is  only  about  18  mm.  in  diameter  in 
each  direction.  It  is  an  impression  of  the  lower  surface  with  shallow  furrows  representing  the 
slightly  prominent  nerves.  On  the  back  of  the  specimen  is  another  fragmentary  impression  of 
upper  surface  on  which  conspicuous  ridges  represent  the  actual  sunk  nerves.  Here  they  are 
seen  to  dichotomoze  more  than  once  before  reaching  the  margin. 

While  too  incomplete  for  satisfactory  determination  it  is  probable  that  they  belong  to 
Lygodium,  kaulfussi  Heer,  and  certainly  not  to  L.  prestwichi  which  has  toothed  margins. 

The  specimens  occur  in  a large  ironstone  block  full  of  broken  remains  of  closely  adpressed 
dicotyledonous  leaves.  The  block  was  exposed  at  Lancing,  Sussex  in  i960  at  low  spring  tides 
and  appears  to  have  been  part  of  an  outlier  of  Woolwich  Beds  like  that  seen  at  Newhaven 
from  which  it  may  perhaps  have  been  derived. 


Lygodium  sp. 

Plate  1,  fig.  9 

A palmately  lobed  leaf  (V.530)  of  which  four  lobes  only  are  preserved,  but  possibly  there 
were  five  originally.  The  only  perfect  lobe  is  very  long  and  narrow,  measuring  about  20  mm. 
from  the  petiole  to  the  tip  as  far  as  this  can  be  traced.  The  extremity  is  obscure  but  may  be 
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rounded.  Each  lobe  has  a conspicuous  midrib;  all  the  ribs  may  arise  from  the  same  point  at 
the  base,  although  it  is  possible  that  the  midribs  of  the  lowest  pair  of  lobes  may  arise  a little 
lower  than  the  other  three.  Margins  of  lobes  entire,  slightly  thickened.  Texture  of  frond  thin 
and  semitranslucent.  The  specimen  resembles  young  leaves  of  a palmate-leafed  Lygodium. 
From  the  Woolwich  Beds,  loam  pit,  Lewisham,  Surrey. 


Gymnospermae 

Order  CON1FERALES 
Family  TAXODINEAE 

Genus  SEQUOIA  Endlicher 

Sequoia  sp. 

Some  wood  in  the  Geological  Survey  Collection  (Nos.  Z.M. 2264-68;  slides  PF  1980-82) 
has  been  examined  and  identified  by  the  late  Professor  F.  W.  Jane.  No  figures  or  description 
are  available  but  there  is  no  reason  to  doubt  the  genus.  The  specimen  came  from  a water  pipe 
trench  in  Reading  Beds  between  Pibworth  House  and  Dumworth  Farm,  a quarter  of  a mile 
west  by  south  of  Aldworth  Church,  Berkshire.  The  record  is  of  importance  on  account  of 
the  horizon  and  new  locality. 

A Sequoia  seed  believed  to  come  from  Reading  Beds  (derivative  in  sub-Arctic  Beds  of 
Hedge  Lane,  Lea  Valley)  was  described  by  Chandler  (1961 : 60,  pi.  4,  figs.  7,  8)  as  S.  couttsiae 
Heer,  the  species  which  occurs  throughout  Eocene  Beds  in  the  south  of  England  from  the 
London  Clay  (p.  104)  to  the  Hamstead  Series  of  the  Isle  of  Wight  and  the  Bovey  Tracey 
Lignites  of  Devon. 


Angiospermae 

Class  MONOCOTYLEDONES 
Family  GRAMINEAE 
Genus  ? 

Plate  1,  fig.  10 

A small  triangular  fragment  of  yellowish  sandy  matrix  about  70  by  55  mm.  shows 
impressed  upon  its  surface  a mass  of  broken  leaves  of  a reed-like  grass  and  at  least  one  stem 
with  a solid  node.  The  stem  fragment,  about  5 mm.  in  diameter,  is  smooth  with  obscure 
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longitudinal  ribs;  the  node  is  preserved  partly  as  carbonaceous  substance;  it  shows  traces  of 
apertures  for  fibres  to  a leaf.  The  leaf  fragments  are  linear  and  parallel-sided,  ca.  3-5  to 
10  mm.  broad  (the  broadest  represented  chiefly  by  the  5 mm.  broad  lamina  on  the  right  of  a 
conspicuous  midrib  giving  a total  breadth  of  10  mm.  to  the  leaf  when  perfect),  along  the 
midrib  the  two  sides  of  the  lamina  meet  at  a wide  angle.  Surface  of  leaf  longitudinally  striate 
partly  owing  to  close-set  parallel  nerves  connected  by  transverse  nervules  obscurely  seen  in 
one  or  two  places  only,  but  there  are  also  more  or  less  longitudinal  short  puckerings  or  ridges 
of  the  surface  which  are  not  accurately  parallel  and  are  more  close-set  than  the  nerves.  Margin 
apparently  entire.  Surface  much  obscured  by  irregular  iron-stained  secondary  cracks.  V.  15436 
from  the  Woolwich  Beds,  Newhaven,  Sussex.  A carbonaceous  Lauraceae  berry  is  embedded 
on  the  same  block. 


Class  DICOTYLEDONES 

Family  LAURACEAE 

Genus  LAUROCARPUM  Reid  & Chandler,  1933  : 225 

Laurocarpum  sp. 

Plate  1,  fig.  10;  PI.  2,  fig.  1 

A crushed  carbonaceous  berry  embedded  in  matrix  which  shows  impressions  of  a number 
of  linear  leaves  referred  to  Gramineae  (see  above).  The  berry  was  truncate-ovoid,  the  basal 
truncation  being  due  to  the  scar  of  attachment.  Surface  now  much  puckered  through  con- 
traction on  drying  so  as  to  produce  convex  rounded  areoles.  In  places  a semitranslucent 
epidermis  is  seen,  formed  of  concave  equiaxial  cells  about  o-oi  mm.  in  diameter.  The  structure 
is  too  decayed  internally  to  show  details  of  the  mesocarp,  but  a thin  columnar  endocarp  can 
be  detected  and  beneath  the  epidermis  are  slightly  convex  black  circular  patches  about 
0-057  mm-  in  diameter  suggestive  of  oil  cells  now  dried  up.  Length  of  berry,  5-75  mm.  in  its 
external  impression,  5 mm.  the  actual  berry  itself;  breadth  (impression),  5-2  mm.,  berry 
itself,  5 mm.  Diameter  of  scar  as  flattened,  3 mm.  V.  1543 6 from  Woolwich  Beds,  Newhaven, 
Sussex. 


Laurocarpum  spp. 

Four  kinds  of  Lauraceae  berry  were  described  by  Chandler  (1961 : 65-67,  pi.  5,  figs.  4-1 1) 
from  the  Woolwich  Beds  of  Dulwich  and  Tooting  and  the  Reading  Beds  of  Reading,  although 
no  generic  determinations  could  be  made.  In  view  of  the  rarity  of  material  from  the  London 
area  five  additional  specimens  found  among  old  collections  are  now  placed  on  record.  V.7608 
shows  shining  epicarp  and,  where  it  has  flaked  away,  the  sinuous-walled  secretory  cells  of  the 
mesocarp  are  visible.  V.7608,  V.  15497,  V.  15506  and  V.  15509  are  from  Dulwich  and  there  is 
also  a poorly  preserved  fruit,  possibly  Lauraceae,  from  Streatham  (V.3314).  All  are 
carbonaceous  entities  embedded  in  clayey  matrix. 
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Family  CORNACEAE 
Section  MASTIXIOIDEAE 
Genus  MASTIXIA  Blume 
Mastixia  sp. 

Plate  2,  figs.  4,  5 

Description.  Endocarp:  Elongate-ellipsoid,  one-loculed  with  dorsal  germination  valve, 
as  in  Mastixia , extending  the  whole  length  of  the  surface  and  bearing  on  its  inner  face  a 
median  longitudinal  infold  with  rounded  inner  edge,  the  infold  causing  the  transverse  section 
to  be  C-shaped.  Outer  surface  of  valve  with  a deep  longitudinal  groove  corresponding  to  the 
internal  infold,  a diagnostic  character  of  the  living  genus  Mastixia.  External  surface  abraded 
so  that  the  outer  layers  and  exocarp  are  missing.  The  layer  thus  exposed  is  formed  of  trans- 
versely aligned  cells  or  fibres.  As  seen  in  transverse  section  the  wall  is  of  transverse  cells  and 
the  marginal  sutures  of  the  valve  are  clearly  visible.  Length  of  endocarp  (slightly  incomplete 
at  the  apex),  12  mm.;  diameter  in  plane  of  symmetry,  5-5  mm.;  diameter  at  right  angles  to 
this,  5 mm. 

Remarks.  An  endocarp  (V. 45063)  from  the  3 ft.  Black  Band  (regarded  as  Woolwich 
Beds),  in  Brickpit,  Clapham,  near  Worthing,  Sussex,  assumed  by  workers  to  be  below  the 
London  Clay  and  therefore  of  immense  importance  as  the  first  record  of  the  tropical  section 
Mastixioideae  from  this  horizon.  The  whole  interior  of  the  specimen  is  full  of  coarse  crystalline 
pyrites  which  much  obscures  the  structure.  The  endocarp  wall  is  of  soft  carbonaceous  tissue 
with  irregular  patches  of  pyritization,  a mode  of  preservation  which  made  it  impossible  to 
produce  a clean  cut  surface  as  the  carbon  smears  and  the  wall  tends  to  shatter  where  it  abuts 
on  the  pyrites.  Nevertheless  the  form  of  the  endocarp  and  character  of  the  valve  indicate 
Mastixia  itself. 


Genus  EOMASTIXIA  Chandler,  1926  : 37 

Eomastixia  rugosa  (Zenker) 

Plate  2,  fig.  6 

1962  Eomastixia  rugosa  (Zenker):  Chandler,  p.  124,  pi.  18,  figs.  4-41;  pi.  19,  figs.  1-7.  See  also  for  earlier 
references. 

Description.  Endocarp:  Ellipsoid,  two-loculed.  Each  locule  provided  with  a dorsal 
longitudinal  germination  valve  which  extends  throughout  its  length.  A median  longitudinal 
infold  is  borne  on  the  inner  face  of  each  valve  causing  the  locules  to  be  C-shaped  in  transverse 
section.  One  locule  appears  to  have  been  abortive  as  it  is  small  and  ill-developed.  Exocarp 
and  outer  coat  of  endocarp  abraded,  the  surface  exposed  showing  transverse  fibres.  Transverse 
striae  are  seen  on  the  surface  of  the  infold  and  the  septum  between  the  two  locules  is  formed 
in  section  of  transverse  fibres.  In  the  thickness  of  the  endocarp  wall  patches  of  coarse  angular 
parenchymatous  cells  are  visible  but  the  whole  structure  is  much  obscured  by  the  presence 
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of  irregular  patches  of  amorphous  pyrites  presumably  occupying  cavities  due  to  decay  of  the 
carbonaceous  tissues  during  fossilization.  As  in  the  case  of  Mastixia  sp.  the  intimate  admixture 
of  soft  perished  carbonaceous  tissues  and  hard  pyrites  patches  made  it  impossible  to  cut  the 
specimen  transversely,  an  attempt  to  do  so  causing  it  to  shatter.  Length  of  endocarp,  1 1 mm. ; 
breadth,  8 by  7 mm. 

Remarks.  An  endocarp  (V.45062)  from  the  same  pit  and  horizon  as  Mastixia  sp.  (see 
above).  The  characters  of  the  two-loculed  endocarp  place  it  in  the  genus  Eomastixia  while 
form  and  size  unite  it  with  Eomastixia  rugosa  (Zenker)  a species  fully  described  and  illustrated 
in  works  by  Chandler  quoted  above.  This  further  record  of  Mastixioideae  lends  support  to 
the  opinion  expressed  on  p.  52  as  to  the  warmth  and  humidity  of  the  climate  while 
the  Woolwich  Beds  were  being  laid  down. 


Family  APOCYNACEAE 

Genus  ? 

Plate  2,  fig.  2 

A rigid  dichotomously  forked  stem,  the  fork  enclosing  an  angle  of  about  120°.  Each  fork 
bears  a pair  of  opposite  elongate  ovoid  pods  with  acutely  attenuated  tips  and  longitudinally 
ridged  surface.  The  stem  is  very  straight  and  longitudinally  ridged,  slightly  swollen  at  the 
fork.  The  left  fork,  about  20  mm.  long,  is  well  preserved,  the  right  fork  can  be  traced  less 
clearly  and  has  been  fractured  so  that  its  direction  is  changed  at  the  distal  end.  Of  the  pods 
on  the  left  fork,  one  (left)  is  imperfect  at  the  tip,  only  about  30  mm.  of  its  length  being  pre- 
served. The  right  pod  shows  its  attenuated  tip  but  even  so  is  not  quite  complete  although 
about  40  mm.  long ; it  has  split  longitudinally.  The  right  fork  of  the  specimen  shows  remains 
only  of  another  pair  of  much  mutilated  pods.  The  carbonaceous  specimen  adheres  closely  to 
the  clay  matrix.  The  forked  habit  and  paired  pods  suggest  Apocynaceae,  but  the  specimen  is 
so  small  that  this  relationship  cannot  be  pressed.  V.15198  from  the  Woolwich  Beds,  Croydon, 
Surrey. 


Family  ? 

Genus  JENKINSELLA  Reid  & Chandler,  1933  1481 
Jenkinsella  apocynoides  Reid  & Chandler 
Plate  2,  fig.  3 

1961  Jenkinsella  apocynoides  Reid  & Chandler:  Chandler,  pp.  84,  298,  pi.  8,  figs.  18-20;  pi.  30,  figs.  1-7;  text-fig.  43. 
See  also  for  earlier  reference. 

One  specimen  only  has  previously  been  recorded  from  the  Woolwich  Beds  of  Dulwich. 
It  was  10  mm.  long;  5-25  mm.  broad.  Three  more  are  now  added  from  this  horizon  and 
locality.  V.15502  is  the  largest;  length,  14  mm.;  breadth,  5 mm.  It  is  an  external  im- 
pression of  a fruit  apparently  attached  to  a slender  peduncle,  15  mm.  long,  at  the  narrower 
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end,  the  fruit  arising  in  the  axil  of  a small  bract.  The  impression  shows  the  stout  longitudinal 
fibres  and  transverse  striae  between  them  but  the  carbonaceous  substance,  once  present,  has 
now  almost  entirely  flaked  away.  V.  15503  is  an  internal  cast  with  impressions  of  the  transverse 
fibres  of  the  locule  lining;  some  of  the  transverse  rugosities  may  be  due  to  the  horizontally 
placed  seeds.  Length  about  10  mm.;  transverse  diameter  (increased  by  bursting  due  to  partial 
decay)  about  7 mm.  V.  15508  is  an  external  impression,  poorly  preserved,  about  8 mm.  long 
by  6 mm.  broad.  The  largest  specimen  previously  described  is  V.  15355  from  the  Reading 
Beds  of  Reading:  length,  13  mm.  (slightly  incomplete);  transverse  diameter,  8 mm. 
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Angiospermae 

Class  MONOCOTYLEDONES 

Family  ARACEAE  ? 

Genus  ? 

1961  Myrtospermum  sp.,  Chandler,  p.  108,  pi.  n,  figs.  19,  20. 

The  suggested  relationship  of  this  species  has  been  revised  on  further  consideration  of 
its  characters.  Other  species  described  as  Myrtospermum  in  1961  have  been  transferred  to 
Theaceae  (see  p.  40).  This  unnamed  species  does  not,  however,  show  the  characters  which 
justify  such  a revision  of  affinities.  The  large  gaping  micropylar  opening  which  would  serve 
for  Myrtaceae  can  also  be  found  in  the  Araceae.  The  absence  of  large  external  testa  cells 
and  the  compact  somewhat  spongy  wall  with  its  eight  to  ten  layers  of  equiaxial  cells  are  now 
known  to  be  more  comparable  with  Araceae  than  with  Myrtaceae  and  accordingly  the  species 
has  been  transferred  to  that  family.  No  generic  name  can  be  given  in  the  absence  of  fuller 
knowledge  of  the  form  of  this  imperfect  seed. 


Class  DICOTYLEDONES 
Family  MENISPERMACEAE 
Section  COCCULINAE 
Genus  COCCULUS  DC 
Cocculus?  serratus  (Chandler)  nov.  comb. 

1961  Menispermicarpum  serratum  Chandler,  p.  97,  pi.  10,  figs.  4-9;  text-fig.  8. 


This  species,  described  in  1961,  was  referred  to  the  Cocculinae  but  at  that  time  no  closely 
comparable  living  material  had  been  seen.  A gift  of  Cocculus  hirsutus  (L.)Diels  endocarps 
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from  the  Coryndon  Museum,  Nairobi  to  Dr.  K.  I.  M.  Chesters  (determined  Troupin,  1954 
Kew  Herb.  7478)  now  makes  it  highly  probable  that  the  species  hitherto  referred  to  a form- 
genus  Menispermicarpum  should  be  placed  in  the  living  Cocculus.  The  species  above  which 
recently  led  to  this  conclusion  has  a much  more  conspicuously  serrated  ornamentation  over 
the  middle  and  lateral  angles  of  the  locule  than  any  species  previously  seen.  Conspicuous 
laminae  connect  the  two  sets  of  flanges  lying  transverse  to  the  length  of  flanges  and  locule. 
The  lateral  depressed  areas  between  the  limits  of  the  locule  are  more  gently  concave  than  in 
Cocculus  hirsutus.  The  position,  form  and  size  of  the  foramen  in  the  depressed  areas  is  not 
known  in  the  fossil.  Reference  to  Cocculus  is  therefore  made  tentatively  but  there  is  a strong 
probability  that  this  is  the  relationship. 


Family  VITACEAE 

Genus  VITIS  (Tourn.)L. 

Vitis  sp.  (?  Vitis  rectisulcata  Chandler) 

Plate  2,  figs.  7,  8 

Description.  Seed:  Broadly  obovate  in  outline,  much  inflated,  pointed  at  the  base, 
slightly  channelled  at  the  apex,  with  smooth  rounded  contours.  Dorsal  surface  convex, 
chalaza  large,  circular,  sunk,  slightly  nearer  to  the  apex  than  to  the  base  of  the  seed,  the  surface 
of  which  is  channelled  above  and  scarcely  channelled  below.  Ventral  surface  rounded,  with 
broad,  rounded,  subparallel  raphe  ridge.  Ventral  infolds  deep,  broad,  short,  almost  parallel 
but  with  a slight  tendency  to  be  concave  towards  the  raphe  ridge ; the  infolds  end  at  about  a 
third  of  the  seed  from  the  apex  and  are  not  continued  to  the  base.  Testa  missing,  the  specimen 
being  an  internal  calcite  cast.  Length  of  cast,  3 mm.;  breadth,  2-5  mm.;  thickness,  2-4  mm. 

Remarks.  A single  specimen,  slightly  imperfect  on  one  side  near  the  base,  from  a shell 
pebble  band  at  the  base  of  the  Oldhaven  Series,  Upnor,  Kent.  This  seed  bears  a close  re- 
semblance to  the  broader,  shorter  specimens  of  Vitis  rectisulcata  Chandler  (1961 : 252,  pi.  25, 
figs.  16-21)  from  the  London  Clay  especially  in  its  small  size,  short,  straight,  broad  median 
infolds,  subcentral  chalaza  and  pointed  base.  In  view  of  the  limitations  of  the  material  only  a 
tentative  reference  to  the  species  can  be  made. 


Family  CORNACEAE 
Section  MASTIXIOIDEAE 
Genus  EOMASTIXIA  Chandler,  1926  : 37 
? Eomastixia  rugosa  (Zenker) 

Plate  2,  figs.  9,  10 

See  p.  99. 

Description.  Detached  valve  with  remains  only  of  missing  endocarp,  bearing  externally 
three  persistent  partially  embedded  longitudinal  strands  of  fibres.  Exocarp,  preserved  in 
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places,  showing  no  cell  structure  as  matrix  is  coarse,  but  parenchyma  seen  in  thickness  of 
wall.  Inner  surface  of  valve  with  median  longitudinal  infold,  partly  broken  on  the  left  along 
the  median  plane  of  weakness,  but  well  preserved  to  the  right  of  this.  The  adherent  fragment 
of  endocarp  wall  on  the  right  of  the  valve  suture  has  broken  along  the  median  plane  of  the 
septum  showing  a smooth  surface  with  coarse  angular  parenchymatous  cells.  Endocarp  wall 
where  exposed  formed  of  transverse  fibres.  Length  of  specimen,  1 1 mm. ; breadth,  7 mm. 

Remarks.  In  the  absence  of  definite  information  about  the  number  of  locules  it  is  im- 
possible to  assign  this  specimen  (V.45234)  with  certainty  to  a genus  or  species,  but  there  is  a 
strong  probability  that  it  belongs  to  Eomastixia  and  to  E.  rugosa  as  suggested  by  the  pro- 
portions of  the  valve.  The  imperfect  specimen  is  nevertheless  an  important  one,  no 
Mastixioideae  having  previously  been  recorded  from  Oldhaven  Beds.  Moreover  it  comes 
from  a new  locality  for  plants  at  Upnor,  Kent,  in  a shell  pebble  band  at  the  base  of 
the  Oldhaven  Series. 
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Angiospermae 

Class  DICOTYLEDONES 
Family  ICACINACEAE 
Genus  NATSIATUM  Buch.-Ham. 

Natsiatum  eocenicum  Chandler 

1961  Natsiatum  eocenicum  Chandler,  p.  no,  pi.  11,  figs.  24,  25. 

Dr.  J.  N.  Carrick  has  kindly  sent  fuller  details  of  the  locality  from  which  the  specimen 
V.307  from  the  Blackheath  Beds  was  obtained.  In  1961  this  was  given  as  Blackheath  Beds, 
Chislehurst,  Kent,  a record  perhaps  somewhat  misleading.  The  exact  locality,  Carrick  writes, 
is  ‘a  section  a little  to  the  east  of  the  south  end  of  the  old  tunnel  (now  broken  through)  on  the 
Orpington  Line’  (quotation  from  E.  I.  White,  1931:  14),  the  general  locality  being  given  as 
Chislehurst.  ‘The  source  of  the  fruit  is  without  doubt  either  the  present  Rock  Pit  [now  in 
the  garden  of  the  house  called  Concord  Place,  in  Elmstead  Lane,  at  the  foot  of  the  station 
approach  at  Elmstead  Woods,  Chislehurst  (postal  district,  actually  in  Bromley  parish)]  or 
less  probably  some  scrape  in  a bank  close  to  the  pit,  where  some  rock  debris  was  evident  to 
attract  the  collector’s  attention.  In  any  case  the  correct  locality  is  Elmstead  Woods.’ 
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Gymnospermae 

Order  CONIFERALES 
Family  ARAUCARINEAE 

Genus  ARAUCARITES  Presl,  1838  : 203 

Araucarites  sp. 

Plate  2,  fig.  11 

A small  fragment  of  a stout  Araucarites  twig  (V.45046),  25  mm.  long  by  12  mm.  broad 
shows  a few  close-set  long  curved  acicular  leaves  but  is  too  ill-preserved  to  provide  any 
details  of  its  cell  structure.  Its  importance  lies  in  the  fact  that  it  comes  from  an  entirely  new 
locality  for  plants  from  a disused  brickpit  on  the  hillside  fairly  close  to  the  famous  Clarendon 
cutting  near  Salisbury.  It  is  preserved  in  an  ironstone  nodule  and  was  associated  with  a 
London  Clay  fauna  which  included  Ditrupa , Rotularia  bognorensis  and  various  molluscan 
casts.  This  is  one  of  the  most  westerly  localities  for  London  Clay  plants  yet  known. 


Family  TAXODINEAE 

Genus  SEQUOIA  Endlicher 
Sequoia  couttsiae  Heer 
Plate  2,  figs.  12,  13 

1962  Sequoia  couttsiae  Heer:  Chandler,  p.  20,  pis.  1-3 ; pi.  4,  figs.  1-32;  text-figs.  1-6.  See  also  for  earlier  references. 

Description.  Biennial  twig:  About  5-2  cm.  long  and  7 mm.  in  diameter  and  closely 
clothed  with  short  decurrent  spirally  arranged  leaves  about  6-3  mm.  long  above  the  point  of 
overlap.  Closely  comparable  with  twigs  figured  by  Heer  (1862,  pi.  59,  fig.  9;  pi.  60,  fig.  2). 
It  shows  scars  or  remains  of  smaller  twigs  (now  broken).  Leaves  ridged  dorsally,  ridge 
extending  to  apex  but  surface  much  abraded  and  without  epidermis. 

Cone:  Probably  imperfect,  now  subglobular  and  distorted,  with  apex  much  obscured  by 
pyrites  and  scales  spirally  arranged.  Having  six  scales  preserved  embedded  in  pyrites  mud. 
Three  are  almost  completely  hidden  but  their  margins  can  be  seen.  Three  show  the  complete 
apophyses.  Apophyses  pentagonal  or  hexagonal,  broader  than  high  with  remains  of  a trans- 
verse ridge,  central  mucro  and  radial  wrinkles  which  meet  the  margin  of  the  apophyses  at 
right  angles.  Best  preserved  scale  10  mm.  broad,  7 or  7-5  mm.  high  but  slightly  asymmetric. 
The  other  two  scales  are  much  worn  but  still  show  puckering  of  the  surface,  beneath  which 
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small  oval  secreting  cells  can  be  seen.  Length  of  cone  including  stalk,  18  mm,;  breadth 
(distorted),  16-5  by  13-5  mm. 

Remarks.  A cone  from  the  Beetle  Bed  and  a twig  from  the  Upper  Fish  Tooth  Bed, 
Bognor.  The  spiral  arrangement  of  the  cone  scales  excludes  relationship  with  Cupressus  in 
spite  of  the  subglobular  form  which  is  merely  the  result  of  distortion  and  possible  loss  of 
some  scales.  The  radially  wrinkled,  mucronate  scales  and  the  size  of  the  cone  indicate  Sequoia 
couttsiae , exactly  comparable  material,  similarly  crushed  and  distorted,  being  found  at  Bovey 
Tracey.  This  relationship  is  supported  by  the  character  of  the  twig.  The  presence  of  Sequoia 
couttsiae  in  the  London  Clay  is  to  be  expected  in  viewT  of  its  occurrence  at  older  and  younger 
horizons.  Its  rarity  may  be  due  to  the  fact  that  it  probably  grew  on  higher  ground  perhaps 
remote  from  the  coast,  although  it  may  be  an  abundant  fossil  in  other  marine  beds,  e.g.  the 
Lignites  above  the  Boscombe  Sands,  Southbourne.  It  is  scarce  in  the  marine  Highcliff  Sands. 
A small  globular  cone  figured  by  Gardner  (1883:  43,  pi.  11,  fig.  6)  as  Athrotaxisl  subulata 
was  probably  Sequoia  as  were  some  at  least  of  the  twigs  similarly  ascribed  (pi.  11,  figs.  2-14). 

The  reference  of  pollen  from  the  London  Clay,  Bembridge  and  Hamstead  Beds  to 
Sequoiadendron  (Sein,  1961;  Pallot,  1961)  rather  than  to  Sequoia  raises  some  interesting 
questions  about  the  true  generic  position  of  the  conifer  so  long  known  as  Sequoia 
couttsiae  Heer.  Buchholz  (1939a)  considered  that  Sequoia  gigantea  (Lindl.)Buch.  so  differed 
from  Sequoia  sempervirems  (Lindl.)Endl.  as  to  demand  generic  separation  and  he  therefore 
gave  to  the  first  of  these  two  species  the  generic  name  Sequoiadendron.  He  regarded  the  two 
as  descendants  of  widely  separated  genera  belonging  to  a larger  group  or  family  of  world-wide 
distribution.  He  also  gave  reasons  why  the  name  Sequoia,  first  applied  by  Endlicher  in  1847 
to  Sequoia  sempervirens,  must  remain  as  the  generic  name  for  this  species.  In  the  same  paper 
he  summarized  seventeen  outstanding  macroscopic  generic  and  specific  differences  between 
these  two  Recent  forms.  Many  of  these  differences  cannot  be  used  in  the  case  of  fossils  as  they 
are  based  on  evidence  which  is  not  preserved.  This  is  no  uncommon  state  of  affairs  for  the 
palaeobotanist  who  is  therefore  obliged  to  note  from  his  own  observations  other  small  but 
constant  distinctions.  As  Harris  (1961:  172)  aptly  points  out  the  palaeobotanist  must  ‘look 
for  things  which  the  botanist  can  afford  to  neglect  for  the  very  good  reason  that  he  can  do 
what  he  wants  without  them’.  Some  illustrations  of  the  type  of  evidence  not  available  in  the 
case  of  the  fossils  are  that  there  is  no  means  of  knowing  whether  the  seeds  require  two  seasons 
for  maturity  of  the  embryo  as  in  Sequoiadendron  or  one  as  in  Sequoia.  Similarly  internal 
gametophytic  and  embryological  differences  (Buchholz,  1938;  1939)  are  useless  to  the 
palaeobotanist,  at  least  in  the  present  case. 

An  important  difference  according  to  Buchholz  in  the  two  Recent  forms  under  discussion 
lies  in  the  character  of  their  foliage.  The  leaves  in  Sequoiadendron  are  all  small,  of  one  kind, 
spirally  imbricated,  adpressed  or  spreading,  not  petiolate,  revolute,  distinctly  ribbed  and 
persistent,  whereas  in  Sequoia  they  are  dimorphic,  the  vigorous  terminal  shoots  having  small 
scale-like  leaves,  other  branches  bearing  large  scythe-shaped,  petiolate,  decurrent  leaves 
bilaterally  arranged  in  two  ranks,  with  prominent  midrib  and  revolute  margin.  How  far  these 
differences  are  of  true  generic  significance  needs  careful  consideration  in  view  of  the  fact  that 
dimorphic  foliage  and  bilateral  flattening  appear  in  a number  of  gymnospermous  families. 
In  any  case  the  foliage  of  Sequoia  couttsiae,  while  it  differs  in  the  virtual  absence  of  dimorphism 
and  bilateral  arrangement  from  that  of  Sequoia  sempervirens,  does  not  closely  approximate 
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to  that  of  Sequoiadendron.  Its  leaves  are  smaller,  often  almost  scale-like  and  closely  imbricated, 
not  usually  attenuated  to  a long  somewhat  spreading  slender  acuminate  apex,  often  falcately 
curved,  angled  rather  than  ridged  dorsally  along  the  midrib,  decurrent  on  the  twigs,  rigid, 
close  and  short  at  the  base  of  the  young  shoots.  As  regards  the  cuticle  in  these  genera  the 
stomatal  structure  is  comparable  in  both,  and  where  leaves  approximate  in  shape  the  arrange- 
ment of  the  stomata  may  also  be  similar. 

The  seed-cones  of  Sequoiadendron  are  5 to  7 cms.  long  each  with  stout  axis  from  which 
the  scales  are  not  readily  detached,  whereas  those  of  Sequoia  sempervirens  are  only  2 to  3 cms. 
long,  with  slender  axis  from  which  the  dry  scales  readily  break  away. 

In  Sequoia  couttsiae  the  cones  are  solitary  or  rarely  in  pairs  (Heer,  1862,  pi.  59,  fig.  14), 
globose  to  ellipsoid,  1 -5  to  2-4  cms.  long,  probably  larger  in  life  owing  to  shrinkage  on  drying 
in  the  fossil  state  (one-half  of  the  linear  dimensions  may  thus  be  lost).  The  scales  were 
clearly  shed  readily  as  detached  cone-scales  are  very  common.  In  Sequoiadendron  the  cone- 
scales  are  peltate  or  wedge-shaped,  but  in  Sequoia  sempervirens  those  at  the  base  of  the  cone 
are  small  and  imbricate,  the  scales  becoming  peltate  above.  Those  of  Sequoia  couttsiae  are 
imbricate  at  the  base,  peltate  above,  but  commonly  the  body  of  the  scale  meets  the  escutcheon 
towards  its  lower  margin  at  an  obtuse  angle  although  occasionally  in  scales  at  about  the 
middle  of  the  cone  the  stalk  or  body  meets  the  escutcheon  at  a right  angle  and  is  more  or  less 
centrally  attached.  A barren  group  of  small  scales  can  be  seen  at  the  top  of  the  cone  in  all 
three  species  while  the  limit  between  body  and  escutcheon  is,  in  all  three,  clearly  defined. 
Whereas  in  the  two  Recent  species  the  escutcheon  is  relatively  broad  but  narrow  longitudinally 
with  sunk  median  umbo  from  which  deep  wrinkles  diverge  and  through  which  a median 
transverse  ridge  extends  to  the  lateral  extremities,  in  Sequoia  couttsiae  there  is  much  less 
difference  between  the  transverse  and  longitudinal  dimensions.  Indeed,  the  longitudinal 
(parallel  with  the  cone  axis)  may  sometimes  equal  the  transverse  (Heer,  1862,  pi.  59, 
figs.  18,  19).  The  escutcheon  in  the  fossil  is  not  deeply  puckered  (even  allowing  for  crushing), 
but  well-preserved  material  shows  low  radial  wrinkles  which  diverge  from  the  mucronate 
umbo  over  the  surface  (PI.  2,  fig.  13).  In  the  crushed  Bovey  scales  especially  the  escutcheon 
appears  broad  and  flat  by  contrast  with  either  of  the  Recent  forms.  In  Hordle  material  the 
true  character  of  the  escutcheon  is  much  better  displayed  and  a transverse  ridge  through  the 
umbo  is  better  seen.  While  the  greater  height,  relatively  greater  smoothness  of  the  escutcheon 
and  frequently  obliquely  peltate  scales  of  Sequoia  couttsiae  could  certainly  denote  specific 
features,  the  question  must  be  asked  are  they  more  than  this  and  of  generic  significance? 
A double  row  of  three  to  nine  seeds  (Text-fig.  2G)  is  present  on  the  surface  of  the  scale  in 
Sequoiadendron , the  distal  row  arising  at  about  the  middle  of  the  length  of  the  body  and 
overlapping  the  proximal  row.  In  Sequoia  sempervirens  and  Sequoia  couttsiae  there  is  a single 
row  of  seeds  only,  arising  on  the  body  a short  distance  below  the  margin  of  the  escutcheon. 
Buchholz  reports  two  to  five  seeds  per  scale  in  Sequoia  sempervirens  while  in  S.  couttsiae  five 
or  six  were  seen  in  an  uncrushed  cone  from  Hordle,  five  being  reported  from  Bovey  Tracey 
by  C.  & E.  M.  Reid.  In  neither  of  the  two  latter  species  is  there  room  for  a double  row  owing 
to  the  large  size  of  the  seeds  relative  to  the  length  of  the  scale-body  from  axis  to  escutcheon 
(Text-fig.  2D— f).  In  Sequoia  couttsiae  the  seeds  are  even  larger  relative  to  the  scale  than  in 
S.  sempervirens , which  accounts  for  the  predominance  of  curved  seeds  in  this  species.  These 
long  seeds  can  only  be  accommodated  at  the  lateral  edges  of  the  scale  if  they  are  curved 
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Fig.  2.  Diagrammatic  drawings  to  show  seed  types  in 

A.  Sequoia  sempervirens  and  Sequoia  couttsiae.  B.  Sequoiadendron  giganteum. 

C.  Metasequoia 

In  all  detached  seeds  hilum  is  at  the  base  of  the  figure.  U,  upper  surface  of  seed.  L,  lower 

surface  of  seed,  w,  wing;  b,  body  of  seed;  h,  hilar  scar;  g,  conspicuous  gland  over  seed 

body;  r,  resinous  patch. 

D.  Sequoia  couttsiae.  Single  row  of  seeds  attached  just  below  marginal  rim.  Hilum 
towards  top  of  figure. 

E.  Sequoia  couttsiae.  A scale  which  has  shed  the  seeds  exposing  the  row  of  attachment 
scars. 

F.  Sequoia  sempervirens.  Single  row  of  seeds  situated  as  in  S.  couttsiae.  Hilum  towards 
top  of  figure. 

G.  Sequoiadendron  giganteum.  Double  row  of  seeds  attached  halfway  down  the  limb 
of  scale.  Hilum  towards  top  of  figure. 
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inwards  towards  the  cone  axis  (Text-fig.  2d).  It  is  the  median  seeds  (fewer  in  number  than 
the  curved)  which  are  straight. 

The  seeds  of  plants  commonly  give  clear  evidence  both  of  generic  and  specific  affinity. 
In  this  case  seeds  of  Sequoia  couttsiae  (Text-fig.  2a)  are  closely  comparable  with  those  of 
Sequoia  sempervirens  and  differ  invariably  from  those  of  Sequoiadendron  giganteum 
(Text-fig.  2b).  In  all  three  the  seed  body  may  be  straight  or  curved.  In  all  the  body  is  flanked 
by  two  wings  and  terminates  above  in  a small  stylar  mucro.  Again  in  all  the  hilar  scar  is 
situated  entirely  on  the  lower  surface  of  the  body.  In  Sequoiadendron  the  seed  is  5 to  7 mm. 
long;  in  Sequoia  sempervirens  3 to  4-5  mm.  long  (measurements  after  Buchholz);  in  Sequoia 
couttsiae  2-5  to  6 mm.  long  when  dry.  In  Sequoiadendron  the  wings  are  thin  and  broader  than 
the  seed  body,  the  seeds  are  more  or  less  elliptical,  oval,  roundly  triangular  or  quadrangular. 
The  hilar  end  of  the  seed  has  a deep  narrow  emargination  flanked  by  two  auricle-like  pro- 
jections formed  by  the  basal  ends  of  the  wings.  The  hilar  scar  is  small,  subcircular,  triangular 
or  oval  and  is  situated  just  above  the  emargination  or  on  the  surface  well  above  it  (Text-fig.  2b). 
Wings  and  body  are  finely  striate  longitudinally  with  square  cells  or  rounded  pits  between 
the  striae.  In  Sequoia  sempervirens  and  Sequoia  couttsiae  the  form  of  the  seed  is  somewhat 
more  variable  than  in  Sequoiadendron  although  frequently  elliptical  or  oval  and  often  rounded 
triangular.  The  hilar  end  of  the  seed  has  a larger  more  conspicuous  semi-elliptical  hilar  scar 
situated  at  the  extreme  base  of  the  lower  surface  which  produces  a broad  shallow  concavity 
or  a truncation  where  it  terminates  against  the  basal  margin  of  the  seed  (Text-fig.  2A, 
cf.  Chandler,  1962,  pi.  4,  figs.  12,  14,  29).  The  wings  may  be  as  broad  as  the  body  or  some- 
what narrower.  Owing  to  their  thicker,  stiffer  and  more  spongy  character,  apart  from  colour 
which  would  be  lost  in  fossilization,  they  are  less  clearly  differentiated  from  the  body  than  in 
Sequoiadendron.  In  Sequoia  couttsiae  the  body  often  occupies  one-third  of  the  breadth 
(cf.  Chandler,  1962,  pi.  4,  figs.  23,  26,  29).  The  texture  of  the  testa  is  undifferentiated  over 
body  and  wings  in  both  S.  couttsiae  and  S.  sempervirens  and  forms  a covering  of  horny  ap- 
pearance on  both  surfaces  of  the  seeds.  The  whole  of  this  covering  is  conspicuously 
longitudinally  striate,  more  coarsely  so  than  in  Sequoiadendron  and  producing  very  regular 
external  striations.  Between  the  striae  regular  rows  of  equiaxial  rounded  pits  are  seen. 

It  may  be  of  interest  to  note  that  in  the  character  and  position  of  the  hilar  scar  and  in 
the  deeply  but  narrowly  emarginate  base  the  seeds  of  Metasequoia  closely  resemble  those  of 
Sequoiadendron  and  are  therefore  readily  distinguished  from  seeds  of  Sequoia  sempervirens 
or  Sequoia  couttsiae  (Text-fig.  2c).  On  the  upper  surface  in  Metasequoia  there  is  a very  small, 
slightly  sunk  resinous  patch  of  tissue  just  above  the  basal  emargination.  In  Recent  material 
the  resin  makes  this  area  dark.  It  might  or  might  not  be  discernible  by  its  texture  in  the  fossil 
state.  On  both  surfaces  of  Metasequoia  a pair  of  resin  ducts  or  a single  forked  duct  overlie  the 
seed  body  and  some  trace  of  these  would  fairly  certainly  be  preserved  in  fossilization.  Meta- 
sequoia seeds  are  about  5 to  6 mm.  long  and  the  seed  body  occupies  about  one-third  of  the 
width.  The  surface  is  longitudinally  striate  owing  to  elongate  parallel  cells,  but  over  the 
wings  these  are  less  regular  than  in  Sequoia  or  Sequoiadendron  while  over  the  body  they  are 
much  coarser  and  clearly  built  up  of  short  coarse  equiaxial  cells. 

The  generic  name  Sequoia  has  been  retained  here  for  Sequoia  couttsiae , but  according  to 
Pallot  Tertiary  pollen  from  the  Isle  of  Wight  (isolated  and  not  found  in  situ  in  cones  borne 
on  twigs)  shows  a closer  affinity  with  Sequoiadendron  giganteum  than  with  Sequoia  semper- 
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virens.  The  seeds  and  cones  of  Sequoia  couttsiae,  on  the  other  hand,  are  closely  comparable 
in  respects  indicated  above  with  those  of  S.  sempervirens  while  the  foliage  characters  are 
distinctive.  The  question  must  therefore  be  asked  whether  in  the  Eocene  a third  genus  is 
present  provided,  that  is,  that  the  generic  distinctness  of  Sequoia  sempervirens  and  Sequoia- 
dendron  giganteum  can  be  maintained.  A recent  publication  by  Schwarz  & Weide  (1962) 
which  only  appeared  when  this  manuscript  was  in  the  final  stages  of  preparation  affirms  on 
detailed  anatomical  and  cytological  evidence  that  Sequoiadendron,  Sequoia  sempervirens  and 
even  Metasequoia  glyptostroboides  ought  all  to  be  placed  in  the  same  genus  for  which  Sequoia 
should  be  used  on  grounds  of  priority.  Further  these  two  authors  regard  the  fossil  species 
Sequoia  reichenbachi  (Geinitz)Heer,  Sequoia  langsdorfi  (Brongn.)Heer  and  Sequoia  occidentals 
(Newb.)Weide  as  identical  respectively  with  Sequoia  gigantea,  Sequoia  sempervirens  and 
Metasequoia.  No  mention  is  made  of  Sequoia  couttsiae  and  the  paper  provides  no  new  evidence 
about  cone  and  seed  characters.  With  this  diversity  of  opinion  in  regard  to  living  material 
it  appears  reasonable  to  keep  the  name  Sequoia  for  S.  couttsiae , treating  it  merely  as  a distinct 
species  of  the  original  long  established  genus  Sequoia. 


Family  CUPRESSINEAE 

Genus  LIBOCEDRUS  Endlicher 

? Libocedrus  sp. 

Plate  2,  figs.  14,  15 

Description.  Twig:  A mere  fragment,  flattened  bifacial  showing  parts  of  two  whorls  of 
leaves  formed  by  two  lateral  and  one  facial  leaf.  In  the  axil  of  one  lateral  leaf  a branch  can  be 
seen  to  arise.  Lateral  leaves  embrace  the  sides  of  the  twig,  leaf  tips  broken,  base  narrowed  so 
that  the  edges  do  not  meet  over  the  face  of  the  twig.  One  facial  leaf  seen  broadening  upwards 
but  also  broken  at  the  tip.  Branch  represented  by  a leaf  exposed  in  the  angle  between  a lateral 
and  a facial  leaf  for  about  one-half  the  length  of  the  facial  leaf  as  preserved.  Cell  structure 
obscure  on  the  abraded  epidermis  but  parallel-sided  elongate  epidermal  cells  can  be  seen 
with  angled  rectangular  or  oblique  ends.  No  stomata  preserved.  Length  of  twig  fragment, 
4 mm.;  maximum  breadth,  2 mm. 

Remarks.  The  tiny  twig  fragment  from  the  Beetle  Bed,  Bognor  is  insufficient  for  certain 
determination  but  it  may  belong  to  Libocedrus,  a genus  recorded  from  the  Woolwich  Beds  of 
Bromley  and  doubtfully  from  the  Insect  Limestone  of  the  Bembridge  Beds,  Isle  of  Wight. 


no 
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Angiospermae 

Class  DICOTYLEDONES 

Family  NYMPHAEACEAE 

Genus  ? 

Plate  3,  figs,  i,  2 

Description.  Seed:  Globular,  now  somewhat  crushed  dorsilaterally.  Circular  aperture 
of  embryotega  now  flattened,  0-57  mm.  in  diameter  as  crushed.  Testa  abraded  exposing  the 
tegmen.  Inner  chalaza  on  tegmen  a circular  scar  1 -026  mm.  in  diameter  at  the  opposite 
extremity  to  the  embryotega.  This  scar  is  rough  and  has  a clearly  defined  rim.  There  is  a 
narrow  smooth  circular  flattened  area  around  it.  Cells  over  the  chalaza  equiaxial  becoming 
elongate  and  radially  arranged  towards  the  periphery  of  the  scar  where  they  are  about 
0-013  mm.  broad.  At  the  margin  of  the  scar  impressions  of  overlying  sinuous  cells  each  with 
few  digitations  are  visible;  they  represent  the  testa.  Cells  of  tegmen  beyond  the  scar 
longitudinally  elongate  and  aligned,  about  0-018  mm.  broad,  converging  to  the  chalaza. 
Around  the  embryotegal  opening  the  tegmen  cells  become  transversely  elongate  and  aligned, 
while  overlying  them  are  impressions  of  testa  cells  with  short  interlocking  digitations.  Length 
of  seed  cast,  1 -76  mm. ; breadth,  as  flattened  by  crushing,  1 -8  mm. 

Remarks.  One  seed  cast  from  the  Upper  Fish  Tooth  Bed,  Bognor.  The  characters  with 
embryotega  and  chalaza  at  opposite  ends  indicate  Nymphaeaceae.  The  slight  evidence  of 
digitate  cells  supports  this  relationship.  The  globular  form  is  unusual  and  the  testa  characters 
are  scarcely  represented.  It  is  not  therefore  possible  to  give  a generic  name.  A similar  large 
chalazal  scar  is  seen  on  the  tegmen  of  Victoria . 


Family  JUGLANDACEAE 

Genus  PLATYCARYA  Sieb.  & Zucc. 

Platycarya  richardsotii  (Bowerbank)  nov.  comb. 

1840  Petrophiloides  Richardsoni  Bowerbank,  p.  44,  pi.  9,  figs.  9-15;  pi.  10,  figs.  5-8. 

1933  Petrophiloides  Richardsoni  Bowerbank:  Reid  & Chandler,  p.  133,  pi.  2,  figs.  7-20;  text-fig.  1.  See  also  for 
earlier  references. 

1961  Petrophiloides  richardsoni  Bowerbank:  Chandler,  p.  136,  pi.  14,  figs.  11-14. 

This  species  formerly  believed  to  be  abundant  only  at  Herne  Bay  has  now  been  found 
frequently  at  Sheppey  and  is  common  at  Bognor.  Other  localities  for  the  species  are  given  by 
Chandler  (1961).  In  1933  Reid  & Chandler  drew  attention  to  a specimen  described 
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by  Bowerbank  under  the  name  Petrophiloides  imbricatus  (1840:  50,  pi.  10,  figs.  1-4).  This 
they  were  convinced  was  merely  one  in  which  the  distal  imbricate  ends  of  the  bracts  were 
partially  preserved.  Examination  of  old  and  new  material  now  makes  it  abundantly  clear  that 
the  bracts  must  certainly  have  been  much  longer  as  indicated  by  the  frayed  ends  of  their 
fibres  and  the  width  of  the  remaining  part  embedded  in  pyrites  (cf.  V.45219  and  V.45220). 
Reid  & Chandler  recognized  that  Petrophiloides  richardsoni  was  congeneric  with  the  Recent 
Platycarya  strobilacea  but  adhered  to  Bowerbank’s  name  Petrophiloides  because  whereas  that 
dated  from  1840  Platycarya  had  only  been  described  in  1843  (Reid-&  Chandler,  1933:  138). 
Recent  botanists,  however,  are  not  prepared  to  accord  the  same  status  to  a mere  fossil  record 
that  is  given  to  one  based  on  Recent  material.  Therefore  under  the  present  rules  of 
nomenclature  if  a fossil  and  a Recent  genus  are  united  the  combined  genus  must  take  the 
Recent  name  even  although  the  fossil  name  predates  it.  The  case  of  Petrophiloides  and 
Platycarya  is  used  to  illustrate  this  point.  Although  such  a ruling  divides  the  Vegetable 
Kingdom  artificially  and  arbitrarily,  to  avoid  confusion  as  to  the  real  identity  of  Petrophiloides 
the  palaeobotanist  must  give  way.  The  name  Platycarya  is  now  therefore  adopted.  Another 
strong  reason  for  taking  this  course,  however  illogical  it  may  appear,  is  that  Platycarya  pollen 
has  recently  been  recognized  in  the  London  Clay  (Sein,  1961)  and  in  the  Lower  Tertiary 
flora  as  preserved  at  other  horizons  (Pallot,  1961),  whereas  for  obvious  reasons  the  pollen  of 
‘ Petrophiloides ’ cannot  be  known  although  it  may  be  assumed  that  it  tallies  with  Platycarya. 


Family  MENISPERMACEAE 
Section  COCCULINAE 
Genus  MENISPERMUM  (Tourn.)L. 

Menispermum?  taylori  n.sp. 

Plate  2,  fig.  16 

Diagnosis.  Endocarp  relatively  smooth.  Ventral  margin  possibly  straighter  than  in 
living  Menispermum , central  area  larger  relative  to  the  marginal  rim  than  in  Wardenia  spp. 
Dimensions:  5 by  4-5  by  1-25  mm. 

Holotype.  V.45223. 

Description.  Endocarp:  Bisymmetric,  laterally  flattened,  gibbous  in  outline,  dorsal 
margin  gibbous,  ventral  now  convex  near  the  chalazal  limb,  concave  near  the  micropylar 
limb  but  probably  originally  straight  as  the  micropylar  limb  is  slightly  imperfect.  Locule  as 
in  Menispermum.  Inflated  marginal  part  of  endocarp  sharply  delimited  by  an  upstanding 
horse-shoe  shaped  ridge  from  a shallow  concave  median  area  between  the  limbs  of  the  locule. 
Surface  too  encrusted  with  pyrites  to  show  the  form  of  the  foramen,  too  worn  to  show  the 
original  ornamentation  of  the  marginal  rim,  but  this  cannot  have  been  marked  or  conspicuous 
or  some  evidence  of  it  would  have  remained.  Sloping  margins  of  endocarp  meeting  at  an 
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angle  of  about  45 °.  Longest  diameter  of  endocarp,  5 mm.;  diameter  at  right  angles  to  this, 
4-5  mm.;  thickness,  1*5  mm. 

Seed:  Seen  only  in  part  in  a second  more  abraded  specimen  (V.45224)  which  shows 
beneath  remains  of  fibrous  endocarp  and  striate  locule  lining  the  rounded  equiaxial  cells  of 
the  testa,  0-038  mm.  in  diameter,  on  the  seed  cast.  The  cast  resembles  the  endocarp  in  the 
angled  and  inflated  form  of  the  marginal  area  which  shows  obscure  fluting. 

Remarks.  Two  specimens  from  the  Upper  Fish  Tooth  Bed,  Bognor  named  after  the 
finder,  the  late  Mr.  H.  E.  Taylor.  The  abraded  condition  makes  determination  very  difficult, 
but  the  greater  symmetry  of  these  endocarps  seems  to  exclude  them  from  Palaeosinomenium. 
There  is  a marked  likeness  in  this  respect  to  Wardenia,  also  in  the  sloping  of  the  surface  from 
the  horse-shoe  shaped  ridge  to  the  margin.  The  central  area  is  relatively  larger  and  less  deeply 
concave  than  in  Wardenia  and  in  these  respects  more  resembles  Menispermum.  The  absence 
of  any  evidence  of  conspicuous  fluting  on  the  marginal  rim  also  approximates  to  Menispermum 
rather  than  to  Wardenia.  Without  knowledge  of  the  foramen  and  pending  the  discovery  of 
specimens  with  unworn  surface  the  reference  to  Menispermum  must  be  tentative.  The  species 
is  smaller  than  living  Menispermum. 

Genus  PARABAENA  Miers 

Parabaena  bognoretisis  n.sp. 

Plate  2,  figs.  17-19 

Diagnosis.  Endocarp  broadly  oval,  with  tag-like  outgrowths  from  the  lateral  margins 
which  curve  over  the  ventral  cavity.  Length,  9 mm. ; breadth,  8 mm. ; dorsiventral  thickness, 
5 mm.  of  which  2-5  mm.  are  measured  from  the  dorsal  profile  to  sharp  lateral  edge  where 
outgrowths  arise. 

Holotype.  V.45050. 

Description.  Endocarp:  Bisymmetric  around  a longitudinal  dorsiventral  plane,  boat- 
shaped, broadly  oval  in  outline  with  a small  but  sharp  point  at  the  apical  end.  Curved 
longitudinally  and  transversely  the  lateral  margins  showing  a slight  sigmoidal  curvature. 
Dorsal  surface  subhemispherical  with  median  longitudinal  ridge  showing  traces  of  incipient 
splitting  as  for  germination.  Wall  possibly  thin  but  external  surface  removed  by  abrasion, 
what  remains  being  much  impregnated  by  pyrites  although  traces  of  equiaxial  parenchymatous 
cells  can  still  be  seen.  Locule  wall  smooth  where  visible  on  the  dorsal  side.  Ventral  surface 
showing  remains  of  an  outgrowth  from  the  lateral  margins  of  the  endocarp  which  curves  over 
the  ventral  cavity.  Outgrowth,  sharply  delimited  from  the  endocarp  wall,  at  once  divides  into 
flattened  finger-like  ‘tags’  as  in  Parabaena  denudata  Diels.  The  full  original  extent  of  the 
prolongations  cannot  now  be  determined  as  their  inner  ends  are  concealed  by  pyrites  which 
fills  the  ventral  cavity  and  has  exuded  between  the  ‘tags’.  It  also  conceals  evidence  if  any  of  a 
longitudinal  median  partition  in  the  cavity.  Surface  of  ‘tags’  finely  striate  parallel  with  their 
length.  Length  of  endocarp,  9 mm.;  breadth,  8 mm.;  thickness,  5 mm.  (2-5  mm.  from  dorsal 
profile  to  sharp  edge  of  ventral  side). 

Seed:  Only  a small  fragment  is  visible  in  a break  near  the  base  of  the  dorsal  surface.  Cell 
structure  of  testa  obscure  but  apparently  of  equiaxial  cells. 
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Remarks.  One  endocarp  only  from  the  Beetle  Bed,  Bognor.  The  boat-shaped  endocarp 
with  its  marginal  finger-like  ‘tags’  curving  over  towards  the  ventral  side  so  strongly  resembles 
the  species  Parabaena  demidata  Diels  from  the  Philippine  Islands  that  it  is  referred  to  the 
genus  in  spite  of  the  limited  material.  On  the  worn  fossil  no  trace  is  preserved  of  marked 
tubercles  but  it  must  be  remembered  that  the  outer  surface  is  completely  denuded.  The 
affinities  of  the  living  genus  are  Indo-Malayan. 


Section  TINOSPOREAE 
Genus  JATRORRHIZA  Miers 
Jatrorrhiza  gilliami  n.sp. 

Plate  3,  figs.  3-5;  Text-fig.  3 

Diagnosis.  Endocarp  elongate-oval  in  outline.  Locule  deeply  curved,  ventral  concavity 
not  divided,  partly  closed  by  flange-like  outgrowth  of  the  carpel  wall.  Flange  ornamented 
with  irregular  rugosities,  endocarp  wall  surrounding  it  smooth.  Both  regions  overlie  ventral 


Fig.  3.  Diagrammatic  transverse  sections  of 
endocarps  of 

A.  Desmonema.  B.  Chasmanthera  sp. 
C.  PJatrorrhiza  palmata.  D.  Jatrorrhiza 
gilliami 

c,  ventral  cavity;  /,  flange  over  cavity; 
/,  locule. 


edge  of  locule.  Length  of  endocarp,  10  mm.;  breadth,  6-5  mm.;  thickness,  3 mm.  Seed  with 
large  ventral  hollow  and  aperture. 

Holotype.  V.45047. 

Description.  Endocarp : Deeply  boat-shaped  having  a smoothly  elongate-oval  outline 
with  an  apical  mucro;  bisymmetric,  dehiscing  in  the  longitudinal  dorsiventral  plane  of 


THE  LOWER  TERTIARY  FLORAS  OF  SOUTHERN  ENGLAND 


114 

symmetry  into  equal  valves  (V.45049).  Locule  deeply  curved  so  that  its  ventral  edges  lie  on 
the  ventral  surface  giving  rise  to  a deep  ventral  concavity  (PI.  3,  fig.  5).  The  concavity  is 
delimited  on  the  ventral  side  and  partly  closed  by  a flattened  or  slightly  convex  marginal  area 
which  is  formed  by  an  extension  or  flange  of  the  endocarp  wall  (Text-fig.  3).  There  is  a very 
slight  median  ridge  in  the  plane  of  symmetry  between  the  apex  and  style  and  within  the 
ventral  hollow,  but  no  evidence  of  a dissepiment  dividing  the  concavity  into  two  compart- 
ments or  of  a ridge  sufficiently  prominent  to  give  a biconcave  curvature  to  the  wall  of  the 
hollow.  Style  a distinct  projection  on  the  median  ridge  at  the  apical  end  just  inside  the  rim 
of  the  hollow  (PL  3,  fig.  3).  The  marginal  area  shows  two  regions  both  of  which  overlie  the 
ventral  edge  of  the  locule,  an  ornamented  region  (flange)  abutting  on  the  ventral  concavity 
and  slightly  overlapping  it,  separated  by  a shallow  furrow  from  a smoother  area  which  sur- 
rounds the  ornamental  region  and  is  part  of  the  locule  wall.  Ornamentation  of  the  inner 
region  formed  by  irregular  rugosities  with  a tendency  to  radial  alignment;  its  inner  edge  is 
somewhat  irregular.  Dorsal  surface  of  endocarp  shallow-convex  both  longitudinally  and 
transversely,  also  having  a slight  median  longitudinal  ridge  (PI.  3,  fig.  4).  This  surface  may 
have  originally  borne  a few  nodulations  as  suggested  by  V.45049,  but  little  evidence  of  any 
such  is  preserved.  Length  of  endocarp,  10  mm.;  breadth,  6-5  mm.;  thickness,  3 mm. 

Seed:  Represented  by  an  internal  cast  of  the  locule  (V.45048)  when  first  found  covered 
by  cracking  carbonaceous  endocarp  which  flaked  away  revealing  the  cast  within.  Similar  in 
outline  to  the  endocarp  except  for  the  larger  ventral  hollow  with  wider  aperture  exposed  by  the 
removal  of  the  surrounding  and  overhanging  endocarp  wall  with  its  flange.  Length  of  the  only 
specimen,  9-5  mm.;  breadth,  6-5  mm.;  thickness,  3 mm. 

Remarks.  Three  specimens.  The  holotype,  named  after  the  six-year-old  finder  Josephine 
Gilliam,  and  the  locule  cast  from  the  Beetle  Bed,  Bognor,  also  a distorted  splitting  endocarp 
from  Sheppey.  The  boat-shaped  form  places  this  endocarp  in  the  Tinosporeae,  family 
Menispermaceae.  The  smooth  elongate-oval  outline,  the  demarcation  of  two  regions  on  the 
ventral  rim  around  the  concavity  itself  which  is  overhung  by  the  inner  part  of  the  rim  and  the 
absence  of  any  ventral  longitudinal  dissepiment  are  characters  in  agreement  with  endocarps 
of  }Jatrorrhiza  palmata  (Lam.)Miers,  specimens  of  which  were  kindly  supplied  to 
Dr.  K.  I.  M.  Chesters  by  the  Coryndon  Museum,  Nairobi  (1905 A.  Coll.  B.  Verdicourt). 
This  species  is  larger  (15  by  10  by  8 mm.)  with  a conspicuously  tubercled  surface  and  slight 
overlap  only  of  the  ventral  cavity  by  the  flange  around  it.  Although  no  other  genus  seen  bears 
so  strong  a resemblance  to  the  fossil,  it  is  important,  when  possible,  to  compare  it  with  other 
material  of  the  above  living  species  and  with  endocarps  of  the  second  living  species  of 
Jatrorrhiza.  The  genus  is  native  to  tropical  Africa  and  Mauritius.  Desmonema  Miers  difFers 
from  the  fossil  in  its  complicated  outline  with  a pair  of  angular  projections  at  top  and  bottom 
and  in  the  wider  extension  of  the  rim  over  the  ventral  cavity  so  that  only  a narrow  slit-like 
aperture  remains  (Text-fig.  3).  Chasmanthera  Hochst.,  although  its  outline  is  more  rounded, 
has  a locule  which  is  only  slightly  curved  transversely  so  that  the  flange  growing  out  from  the 
endocarp  wall  is  broad  as  it  extends  from  the  circumference  (seen  in  profile)  almost  to  the 
centre  of  the  ventral  surface  where  only  a narrow  aperture  to  the  cavity  is  left  as  in  Desmonema. 
Hence  its  ventral  wall  is  formed  entirely  by  the  flange.  Further,  the  median  ridge  within 
the  ventral  cavity  is  pronounced  giving  a biconcave  outline  to  it  when  see  in  transverse  section 
(Text-fig.  3). 
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Family  MAGNOLIACEAE 

Genus  TALAUMA  Juss. 

Talauma  wilkinsoni  n.sp. 

Plate  3,  figs.  6,  7 

Diagnosis.  Seed  transversely  elliptical.  Dorsal  surface  gently  convex  with  two  marked 
furrows  concave  to  one  another  between  hilum  and  chalaza.  Ventral  surface  with  median 
longitudinal  hollow  and  a complex  system  of  furrows.  Length  of  seed,  9 mm.;  breadth, 
11  mm.;  thickness,  3 mm. 

Holotype.  V.45051. 

Description.  Seed:  Transversely  elliptical  in  outline,  bisymmetric  about  a median 
plane  at  right  angles  to  the  broad  surface,  slightly  inflated  with  angled  margin  giving  a sublens- 
shaped transverse  section.  Dorsal  surface  gently  convex,  ventral  having  a median  longitudinal 
hollow  which  causes  the  seed  to  be  saddle-shaped.  Hilum  indicated  by  an  obscure  point  at 
the  middle  of  one  broad  margin.  At  the  middle  of  the  opposite  margin  is  a small  projecting 
subcircular  pyrites  mass,  a cast  of  the  canal  leading  to  the  chalaza,  exposed  by  abrasion 
of  the  testa  at  this  end  of  the  seed.  Dorsal  surface  with  two  conspicuous  furrows  which  diverge 
from  the  hilar  region  and  pass  in  a pair  of  shallow  curves  (concave  to  one  another)  towards 
the  chalaza.  A few  other  furrows  also  diverge  from  the  hilar  area  but  lie  nearer  the  margin 
and  can  be  seen  to  branch  obscurely.  On  the  ventral  surface  a complex  system  of  furrows  is 
also  present,  those  between  the  hilum  and  chalaza  being  the  most  conspicuous. 

Testa  much  abraded  but  where  best  preserved  showing  patches  of  fine  parallel  striations 
the  patches  variously  oriented  at  sharp  angles  to  one  another.  In  the  ventral  hollow  and  in 
some  of  the  furrows  are  indications  of  a fine  felt  of  hairs  and  subglobular  patches  of  pyrites 
probably  representing  hairs  or  superficial  excrescences.  Length  of  seed,  9 mm.;  breadth, 
11  mm.;  thickness,  3 mm. 

Remarks.  The  single  seed  from  Herne  Bay  agrees  with  Talauma  in  form  and  in  the  deep 
superficial  furrows  exposed  when  the  soft  outer  integument  is  removed  from  the  bony  inner 
coat.  This  surface  in  T.  angatensis  (Blanco)  F-Vill.,  a species  from  the  Phillipines  (Surigao 
Coll.  Wenzel  2993)  kindly  supplied  by  the  Director  of  the  Royal  Botanic  Gardens,  Kew, 
shows  criss-cross  cell  patches  comparable  with  those  of  the  fossil  and  circular  excrescences. 
The  fossil  is  somewhat  smaller  and  thinner  in  transverse  section  (T.  angatensis  length,  9 mm.; 
breadth,  13  mm.;  thickness,  5 mm.)  and  has  rather  fewer  and  simpler  furrows.  The  internal 
structure  of  this  unique  fossil  could  not  be  examined.  Unlike  most  genera  of  Magnoliaceae, 
Talauma  is  lowland  tropical. 
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Family  LAURACEAE 
Genus  CROWELLA  Reid  & Chandler,  1933  1216 
Crowella  globosa  (Bowerbank)  Reid  & Chandler 
Plate  3,  fig.  8 

1933  Crowella  globosa  (Bowerbank):  Reid  & Chandler,  p.  216,  pi.  7,  figs.  6-1 1.  See  also  for  earlier  references. 

Four  specimens  showing  the  peculiar  cupule  formed  by  the  enlarged  persistent  segments 
of  the  perianth  seated  upon  an  enlarged  obconic  receptacle  with  clearly  defined  rim  where  it 
joins  the  perianth  segments  and  enclosing  the  globular  berry.  Previously  unrecorded  from 
the  Hampshire  Basin.  All  from  the  Beetle  Bed,  Bognor.  Unfigured  material  V.45231  and 
V-45233- 


Family  ROSACEAE 

Genus  RUBUS  (Tourn.)L. 

Rubus  sp. 

Plate  3,  figs.  9,  10 

Description.  Endocarp:  Somewhat  pyriform  in  outline,  much  compressed,  pointed  at 
one  end  close  to  which  is  a large  subterminal  scar  on  the  lateral  margin  marking  the  entrance 
of  the  funicle  to  the  placenta  within.  This  ventral  margin  is  less  convex  than  the  dorsal. 
Carpel  wall  worn  away  except  for  a thin  film  of  carbonaceous  tissue  adherent  to  a locule  cast. 
The  film  is  formed  of  small  equiaxial  cells  arranged  in  parallel  rows  producing  fine  striations. 
These  are  sometimes  oriented  transversely,  for  instance  over  the  middle  of  the  broad  surface, 
elsewhere  longitudinally  but  at  the  broad  end  of  the  endocarp  they  follow  its  curvature. 
Fragments  of  another  coat  adhere  in  a few  patches  overlying  the  striate  surface;  it  is  formed 
of  interlocking  cells  about  0-027  mm.  broad  with  long  narrow  digitations.  The  whole  surface 
of  the  specimen  is  irregularly  nodular,  the  external  network  of  ridges  of  the  original  endocarp 
being  faintly  impressed  upon  the  locule  wall.  Length  of  endocarp,  2-85  mm.;  breadth, 
1-85  mm.;  thickness,  1-15  mm. 

Remarks.  The  single  locule  cast  (V.45052)  comes  from  the  Upper  Fish  Tooth  Bed, 
Bognor.  Its  appearance  is  markedly  different  from  that  of  a Rubus  endocarp  itself  on  which  a 
network  of  ridges  is  a conspicuous  feature.  The  agreement  in  essentials  is  however  complete. 
In  size  and  form  the  specimen  does  not  differ  greatly  from  Rubus  acutiformis  Chandler,  a 
common  Tertiary  species,  and  it  must  be  remembered  that  pyritized  specimens  always  tend 
to  be  larger  than  their  carbonaceous  equivalents.  Eventually  therefore  it  may  become  necessary 
to  unite  the  London  Clay  cast  with  R.  acutiformis  but  at  present,  as  the  external  form  has  not 
actually  been  seen,  no  reference  to  a species  has  been  made. 
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Family  RUTACEAE 
Genus  RUTASPERMUM  Chandler,  1957:  102 
Rutaspermum  sp. 

Plate  3,  fig.  16 

Description.  Seed:  With  somewhat  gibbous  outline  but  straight  ventral  margin,  laterally 
compressed  at  right  angles  to  the  gibbous  outline  although  the  broad  surfaces  are  slightly 
convex.  Ventral  truncation  due  to  straight  narrow-triangular  hilar  scar  extending  for  about 
1 -3  mm.  but  very  obscure  owing  to  poor  preservation.  Surface  crumpled  with  a tendency  for 
the  crumples  to  lie  parallel  with  the  dorsal  gibbous  outline,  pitted  but  details  obscured  by 
cellulose  preparation  (as  in  Parthenocissus  sp.  p.  119),  with  traces  of  equiaxial  pits  about 
0-038  mm.  in  diameter.  Length  of  seed,  4-25  mm.;  breadth,  3-25  mm.;  length  of  straight 
ventral  margin  about  3 mm. ; thickness,  2 mm. 

The  preservation  is  too  poor  to  permit  comparison  with  other  species  of  the  fossil  genus 
Rutaspermum,  but  like  Parthenocissus  sp.  it  is  important  (p.  92)  on  account  of  the  locality. 
V.45043  from  Holtwood,  near  Hinton  Martell,  Dorset.  National  grid  reference:  033060. 


Family  EUPHORBI ACEAE  ? 

Genus  LAGENOIDEA  Reid  & Chandler  emend.  Chandler,  1954:  166 
Lagenoidea  bilocularis  Reid  & Chandler 
Plate  3,  fig.  1 1 

1961  Lagenoidea  bilocularis  Reid  & Chandler:  Chandler,  p.  21 1,  pi.  30,  fig.  17.  See  also  for  earlier  references. 

Part  of  a fruit  showing  one  of  the  flask-shaped  locule  casts  attached  to  the  septum,  the 
other  parallel  cast  having  gone.  Segments  of  the  fruit  wall  are  represented  by  their  broken 
bases  on  the  dorsal  side  of  the  locule.  From  the  Upper  Fish  Tooth  Bed,  a new  record  for  the 
Hampshire  Basin. 
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Family  ICACINACEAE 

Genus  NATSIATUM  Buch.-Ham. 

Natsiatum  eocenicum  Chandler 
Plate  4,  figs.  1-4 

1925  Natsiatum  eocenicum  Chandler,  p.  29,  pi.  4,  fig.  7 a-d\  text-fig.  11. 

1961  Natsiatum  eocenicum  Chandler:  Chandler,  pp.  76,  102,  no,  pi.  7,  figs.  14-17;  pi.  10,  figs.  23-26;  pi.  n, 
figs.  24,  25. 

1962  Natsiatum  eocenicum  Chandler:  Chandler,  p.  96,  pi.  13,  figs.  6-16.  See  also  for  earlier  references. 

Well  preserved  endocarps  have  now  been  recognized  in  the  London  Clay  of  Bognor  and 
worn  specimens  from  Sheppey.  These  new  records  fill  a gap  in  the  sequence  of  deposits 
from  which  the  species  has  previously  been  recorded  (see  Plant  List,  p.  27).  The  London 
Clay  specimens  show  all  the  typical  characters.  The  openings  of  the  canals  which  flank  the 
style  and  penetrate  the  apical  thickening  over  the  placenta  are  well  preserved  (PI.  4,  fig.  1). 
The  London  Clay  endocarps  are  appreciably  larger  than  those  from  the  Lower  Bagshot  and 
Lower  Headon  (about  9 to  10-5  mm.  long;  4 to  7*5  mm.  broad)  as  shown  by  the  following 
dimensions:  (1)  Length,  14  mm.;  breadth,  n mm.;  thickness,  5 mm.  (2)  Length,  14-5  mm.; 
breadth,  11-5  mm.;  thickness,  5-5  mm.  (3)  Length,  14-5  mm.;  breadth,  11-5  mm.;  thickness, 
6 mm.  Two  specimens  show  the  carbonaceous  endocarp  chipping  away  from  the  pyrites  cast. 
Another  shows  the  carbonaceous  endocarp  much  impregnated  with  pyrites.  The  larger  size 
is  due  to  pyritization  which  has  kept  cells  and  all  cavities  turgid  preventing  the  shrinkage 
which  inevitably  occurs  in  carbonaceous  material.  This  shrinkage  may  amount  to  half  the 
linear  dimensions  as  was  demonstrated  by  specimens  of  Protoaltingia  from  Bournemouth, 
where  a large  external  mould  contained  a much  shrunken  carbonaceous  entity.  There  is 
therefore  nothing  in  the  relatively  slight  difference  of  size  recorded  above  to  forbid  the 
ascription  of  the  London  Clay  material  to  Natsiatum  eocenicum. 

The  species  lodes  eocenica  Reid  & Chandler,  Icacinicarya  ovalis  Reid  & Chandler  and 
Icacinicarya  nodulifera  Reid  & Chandler  resemble  Natsiatum  eocenicum  in  size  and  appearance. 
lodes  eocenica  is  much  encrusted  with  pyrites  but  shows  the  regular  papillae  on  the  locule 
lining  characteristic  of  lodes.  Icacinicarya  nodulifera  appears  to  be  thicker  walled  and  more 
rounded  in  outline,  but  a wider  experience  now  suggests  that  its  nodular  surface  may  be  due 
to  adherent  pyrites  lying  in  the  depressions  of  a carbonaceous  endocarp  like  that  of  Natsiatum. 
Icacinicarya  ovalis  is  much  worn  and  its  funicular  margin  does  not  form  a conspicuous  feature 
as  in  Natsiatum.  It  is  also  more  inflated  and  has  a few  fibre  strands  associated  with  the  testa. 
For  the  present  therefore  these  three  species  are  retained.  It  should  be  noted  that  some  of 
the  Bognor  specimens  owing  to  their  uncrushed  and  unworn  condition  are  more  comparable 
with  the  carbonaceous  endocarps  of  the  younger  beds  than  are  the  abraded  Sheppey  and 
Herne  Bay  casts. 

In  addition  to  the  figured  material  there  are  the  following  from  the  Beetle  Bed,  Bognor: 
V.45066  and  V.45069  (both  abraded)  and  V.45068,  a seed  with  remains  of  endocarp  (10  by  9 
by  3 mm.).  The  remains  of  the  worn  endocarp  shows  finely  digitate  cells  on  its  smooth  inner 
surface.  Inside  is  a coat,  one  cell  thick  of  polygonal,  frequently  equiaxial  cells  which  tend  to 
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separate  along  the  cell  walls.  They  do  not  appear  to  contain  resin  and  may  be  as  much  as 
0-05  mm.  to  o-i  mm.  in  diameter.  The  coat  is  probably  an  outer  layer  of  the  testa  rarely 
preserved  in  the  younger  material  previously  described,  although  traces  of  it  have  been 
detected  in  a few  fragments  from  Hordle.  The  typical  small-celled  layer  of  the  testa  is  not 
preserved  in  the  coarse  pyrites  cast  but  the  lateral  raphe  is  clearly  visible.  V.45053  and  V.45070 
are  much  worn  endocarps,  possibly  of  this  species,  from  Sheppey. 


Family  VITACEAE 

Genus  PALAEOVITIS  Reid  & Chandler,  1933  ; 388 
Palaeovitis  paradoxa  Reid  & Chandler 
Plate  3,  figs.  14,  15 

1961  Palaeovitis  paradoxa  Reid  & Chandler:  Reid  & Chandler,  p.  259,  pi.  25,  figs.  40-44.  See  also  for  earlier 
reference. 

A typical  seed  from  the  Beetle  Bed,  Bognor  is  the  first  record  of  this  genus  and  species 
in  the  Hampshire  Basin. 

Genus  PARTHENOCISSUS  Planchon 

Parthenocissus  sp. 

- Plate  3,  figs.  12,  13;  Text-fig.  4 

Description.  Seed:  Obovate  in  outline,  more  or  less  pointed  at  the  base  and  not  stipitate 
at  least  as  preserved.  Dorsal  surface  very  gently  convex  from  side  to  side  or  almost  flat,  but 


vs 

A B 

Fig.  4.  Parthenocissus  sp. 

Diagrams  to  elucidate  PI.  3,  figs.  12,  13 
A.  Dorsal.  B.  Ventral 
ch,  chalaza;  Is,  lateral  split;  vs,  ventral  split; 
i,  ventral  infolds. 

slightly  convex  longitudinally  especially  at  the  upper  end;  apex  very  slightly  flattened  but 
without  an  appreciable  furrow  for  the  raphe.  Chalaza  ovate,  arising  about  the  middle ; from  it 
fine  radial  furrows  diverge  over  the  dorsal  surface.  There  is  a very  slight  median  longitudinal 
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furrow  below  the  chalaza.  Ventral  surface  sharply  faceted  along  the  raphe  ridge;  there  is  a 
sharp  angle  along  the  lateral  margin  where  it  meets  the  dorsal  surface  and  this  extends  from 
near  the  base  almost  to  the  upper  margin.  Ventral  infolds  long,  occupying  about  three- 
quarters  of  the  length  of  the  seed,  not  extending  to  base  or  apex,  markedly  convex  towards 
the  raphe  ridge  and  closely  approaching  it  at  about  the  middle  of  the  seed.  Dehiscence  has 
started  by  splitting  along  the  lateral  margin  and  the  raphe  ridge.  Surface  finely  pitted  with 
remains  only  of  a rough  outer  coat.  Hard  integument  finely  columnar  where  exposed  in 
section.  Length  of  seed,  4 mm.;  breadth,  2-75  mm.;  dorsiventral  thickness  about  2 mm. 

Remarks.  The  specimen  (V.45042)  was  treated  by  the  finder  Mr  D.  Curry  with  a 
cellulose  preparation  so  that  it  could  be  transmitted  intact  for  examination.  This  coating 
causes  the  shiny  appearance  in  the  figure.  It  was  obtained  by  washing  clay  samples  from 
Holtwood,  near  Hinton  Martell,  Dorset.  National  grid  reference:  033060.  The  locality  is  the 
most  westerly  from  which  plants  have  yet  been  obtained  in  the  London  Clay.  The  clay  pits 
concerned  were  described  by  C.  Reid  (1902:  18)  who  stated  that  they  yielded  fossiliferous 
London  Clay. 


Family  THEACEAE 
Section  TAONABEAE 
Genus  EURYA  Thunb. 

Eurya  sp. 

Plate  4,  figs,  s,  6;  Text-fig.  5 

Description.  Seed:  Originally  more  or  less  transversely  suboval  in  outline,  much 
inflated,  bisymmetric,  splitting  into  equal  valves  in  plane  of  symmetry  (now  broken  slightly 
at  the  chalazal  end).  Cavity  curved,  comma-shaped,  the  head  of  the  comma  at  the  chalazal 


Fig.  5.  Eurya  sp. 

Seed,  longitudinal  section  deduced  from 
external  characters  and  those  of  living 
material,  h,  hilum;  ch,  chalaza;  m,  micropyle. 


end  (inferred  from  the  outline  and  arrangement  of  pits  and  organs,  locule  cast  seen  only  at 
broken  end).  Surface  coarsely  foveolate  with  deep,  radially  elongate  and  aligned  pits,  0-17  by 
0-055  mm-  in  diameter,  diverging  from  the  hilum  which  lay  in  the  angle  of  the  curve  on  the 
ventral  margin  nearer  to  the  chalazal  than  to  the  micropylar  end  of  the  seed  (Text-fig.  5). 
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Micropyle  terminal  on  the  longer  limb  which  is  somewhat  truncated.  Surface  pits  also 
diverging  from  this  organ.  Testa  especially  thick  around  the  hilum  where  patches  of  coarser 
cells  can  be  seen,  also  radially  aligned.  Inner  layers  of  testa  formed  of  small  equiaxial 
quadrangular  cells  about  o-oi8  mm.  in  diameter,  exposed  at  the  end  where  the  testa  is  broken. 
Length  of  seed,  2-6  mm.  (as  preserved);  breadth,  1-5  mm.;  thickness,  1 mm. 

V.45058  from  the  Beetle  Bed,  Bognor  (PI.  4,  fig.  6)  may  be  a seed  cast  of  a second  some- 
what smaller  seed  but  may  perhaps  have  a different  relationship  as  the  micropyle  and  chalaza 
are  terminal  at  the  extremities  of  the  curved  specimen  whereas  in  Eurya  the  chalaza  is  sub- 
terminal  on  the  inner  angle  of  one  limb.  The  micropylar  end  of  this  specimen  is  somewhat 
thicker  than  the  other.  It  has  a circular  scar,  0-114  mm.  in  diameter,  having  a central  mucro 
around  which  the  cells  diverge.  On  the  narrower  more  gradually  attenuated  limb  the  circular 
scar  (chalaza)  is  0-228  mm.  in  diameter.  The  cast  is  subcylindrical,  it  measures  about  2-5  mm. 
in  length  along  the  axis  and  about  0-74  mm.  in  maximum  breadth.  A minute  fragment  of 
testa  shows  compact  tissue  of  equiaxial  cells  with  radial  alignment  but  its  external  surface  is 
not  seen.  A film  of  locule  cast  envelopes  part  of  the  seed  and  shows  transversely  aligned 
striations.  On  the  shining  pyrites  seed  cast  there  are  coarser  equiaxial  square  cells  0-85  mm. 
in  diameter  converging  towards  the  micropyle. 

Remarks.  One  undoubted  seed  (V.45059)  from  the  Upper  Fish  Tooth  Bed,  Bognor, 
much  abraded  so  that  the  coarse  pittings  of  the  testa  are  worn  down  although  their  outlines 
are  still  clear.  The  hooked  form  of  the  seed  cavity,  arrangement  of  cells  and  organs  indicate 
the  genus  Eurya.  There  is  a resemblance  to  Eurya  becktonensis  from  the  Lower  Headon  of 
Hordle  and  to  E.  mudensis  from  the  Highcliff  Sands.  E.  becktonensis  is  nearer  in  size  although 
its  outline  is  less  hooked.  As,  however,  one  specimen  only  is  known  no  attempt  at  specific 
diagnosis  has  been  made  in  the  case  of  this  small  seed.  This  is  the  first  record  of  the  genus 
from  the  London  Clay  and  it  is  only  so  far  at  Bognor  that  such  small  specimens  have  been 
recovered. 


Family  THEACEAE  ? 

Genus  HIGHTEA  Bowerbank  emend.  Reid  & Chandler,  1933  1439 

Among  genera  referred  provisionally  to  Myrtaceae  in  1933  and  1961  was  Hightea.  The 
recent  discovery  that  species  previously  regarded  as  Myrtaceae  and  described  under  the 
name  Myrtospermum  must  now  be  placed  in  Theaceae  reopens  the  question  of  the  relation- 
ship of  Hightea , Aldwickia  and  Palaeorhodomyrtus.  As  regards  the  two  last-named  genera 
there  is  as  yet  no  new  information,  but  the  matter  must  be  kept  under  review  from  time  to 
time  and  attention  is  drawn  to  this  in  the  plant  list  (p.  31)  by  the  introduction  of  the  family 
Theaceae  as  a tentative  alternative  to  Myrtaceae. 

As  to  Hightea  the  known  points  of  its  anatomy  perhaps  suggest  a closer  affinity  to  Theaceae 
than  to  Myrtaceae.  A not  dissimilar  spongy  columella  occurs  in  Anneslea  from  which  two 
tiers  of  seeds  are  suspended.  Here  a point  of  difference  is  that  in  Hightea  the  upper  tier  of 
seeds  is  erect,  the  lower  only  being  suspended.  Again  the  seeds  of  Anneslea  are  curved  with 
horse-shoe  shaped  embryo,  but  the  fossil  Hordwellia  with  anatropous  seeds  has  been  allied 
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with  Theaceae  because  of  the  similarity  of  its  testa  structure  to  Enrya  and  Visnea  and  it  has 
curved  not  horse-shoe  shaped  seeds.  A testa  of  large  deep  polygonal  cells  in  Hightea  is  like 
the  external  layers  of  Eurya  and  Hordwellia. 

A point  scarcely  noticed  in  1933  in  describing  Hightea  is  perhaps  worth  a passing  mention 
as  every  detail  where  a determination  is  doubtful  may  ultimately  prove  to  be  of  significant 
diagnostic  value.  It  is  that  in  the  most  perfect  fruits  a basal  receptacle  or  calyx  tends  to  separate 
from  the  main  body  of  the  fruit  above.  This  is  rarely  seen  but  is  shown  in  V.45218,  a specimen 
of  Hightea  elliptica , and  is  clearly  depicted  by  Bowerbank  (1840,  pi.  8,  figs.  10,  25,  in  section 
fig.  16). 


Family  FLACOURTIACEAE 

Genus  ON  CO  BA  Forsk. 

Oncoba  variabilis  (Bowerbank)  Reid  & Chandler 
Plate  3,  figs.  17-20 

1933  Oncoba  variabilis  (Bowerbank)  Reid  & Chandler,  p.  406,  pi.  21,  figs.  9-18. 

1961  Oncoba  variabilis  (Bowerbank):  Chandler,  p.  264,  pi.  26,  figs.  18-20. 

In  1961  a fruit  was  recorded  and  figured  showing  the  epicarp  so  beautifully  preserved 
that  a few  of  the  recurved  hooks  were  seen  for  the  first  time.  This  rare  material  came  from 
Herne  Bay.  Two  other  specimens,  one  from  Herne  Bay  the  other  from  Bognor,  afford  sup- 
porting evidence.  The  Herne  Bay  example  (V.45056)  is  a small  fruit  16  by  16  mm.  in  length 
and  breadth;  10  mm.  only  at  right  angles  to  these  measurements  owing  to  crushing.  A few 
fragments  of  a thick  black  shining  leathery  epicarp  are  preserved  but  these  are  carbonaceous 
and  are  rapidly  cracking  and  flaking  away.  Projecting  through  the  remains  of  this  coat  are  the 
large  apical  pyritized  style  and  the  worn  and  truncated  bases  of  the  pyritized  hooks,  all  of 
which  arise  from  the  subcutaneous  tissues  (mesocarp).  The  internal  placental  mass  is  entirely 
covered  so  is  not  seen.  Five  thin  radiating  ridges  from  the  base  indicate  the  carpels  within 
but  they  extend  for  about  3-5  mm.  only. 

The  Bognor  specimen  (V.45057)  (PI.  3,  figs.  19,  20)  from  the  Beetle  Bed  is  also  crushed 
and  is  incomplete  on  one  side,  so  that  the  placental  mass  within  is  exposed  along  the  broken 
edge  with  some  of  its  included  seeds.  Elsew'here  the  black  shining  thick  close-textured  epicarp 
is  preserved.  Its  cell  structure  is  obscure.  The  surface  of  the  mesocarp  is  covered  with  curved 
hook-like  protuberances  which  project  through  the  epicarp.  The  large  prominent  style  is  at 
one  pole  although  the  distortion  of  the  specimen  causes  it  to  lie  near  the  centre  of  one  flattened 
surface.  One  or  two  suture  lines  can  be  detected  superficially.  Diameter  of  crushed  fruit, 
27  mm.  The  style  seen  in  these  two  specimens  should  be  compared  with  that  preserved  in  the 
impressions  of  fruits  (no  tubercles  preserved)  from  the  Reading  Beds  (Chandler,  1961:  78, 
pi.  8,  figs.  1,  2). 

One  other  specimen  (V.6641)  (PI.  3,  figs.  17,  18)  is  worthy  of  special  mention  as  it  was 
found  in  the  Red  Crag  of  Bawdsey,  Suffolk  derived  from  the  underlying  London  Clay  and 
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hence  probably  from  Division  1 beds  of  which  the  flora  is  little  known.  This  fruit  is  sub- 
globular,  13  mm.  long,  18  mm.  in  diameter.  It  has  been  abraded  so  that  spines  and  epicarp, 
style  and  attachment  scar  have  been  worn  away.  Eight  longitudinal  valves  are  exceptionally 
well  displayed  at  the  surface  as  preserved,  their  margins  being  indicated  by  sharply  defined 
sutures.  The  fruit  has  now  broken  longitudinally  along  radii  associated  with  two  of  the 
sutures.  Seeds  within  the  exposed  placental  mass  are  irregularly  scattered,  some  being  sunk 
in  the  pulpy  mass.  At  one  end  of  the  sectioned  fruit  is  a conical  structure  (associated  with 
either  the  attachment  or  the  style). 

Seed  coats  are  well-preserved,  all  four  layers  described  by  Reid  & Chandler  in  1933  being 
clearly  visible.  Normal  length  of  seeds,  3 to  4 mm.,  one  exceptional  seed  being  5 mm. ; breadth, 
2-25  to  3 mm.  The  chalaza  and  micropyle  are  exactly  as  previously  described. 


Family  BORAGINACEAE 
Genus  EHRETIA  Linnaeus 
Ehretia  clausentia  Chandler 
Plate  4,  figs.  7-10 

1961  Ehretia  clausentia  Chandler,  p.  336,  pi.  34,  figs.  21-28. 

Remarks.  Pyrenes  occur  not  infrequently  in  the  Upper  Fish  Tooth  Bed,  Bognor 
(V.45226,  V.45227),  also  in  the  Beetle  Bed  (V.45228)  and  the  Lower  Aldwick  Beds  (V.45229). 
They  agree  so  closely  with  those  of  Ehretia  clausentia  from  the  London  Clay  of  Nursling  that 
they  must  be  referred  to  this  species  in  spite  of  their  somewhat  larger  size.  (Nursling:  Length, 
1*5  to  2-5  mm.;  breadth,  1-25  to  1-75  mm.  Bognor:  Length,  2-15  to  3 mm.;  breadth,  17  to 
1 • 9 mm.).  The  discrepancy  is  readily  accounted  for  by  differences  of  preservation,  for  whereas 
the  Nursling  material  was  carbonaceous  and  therefore  much  shrunken,  the  Bognor  specimens 
are  pyritized  with  distended  cells  and  cavities.  It  may  be  noted  that  in  Bognor  pyrenes  the 
dorsal  depressions  which  form  the  ornamentation  tend  to  be  narrower  than  in  those  from 
Nursling.  Nevertheless  the  arrangement  is  so  similar  in  the  two  with  elongate  depressions 
below  and  shorter  smaller  ones  above  that  it  is  impossible  to  discriminate  between  them. 
Preservation  is  again,  no  doubt,  the  explanation  for  dorsiventral  crushing  and  flattening  of 
the  carbonaceous  Nursling  fruits  could  cause  the  depressions  to  gape  to  their  fullest  extent 
while  the  rigidity  of  the  pyritized  examples  would  account  for  their  narrow  form  being  retained. 
As  pointed  out  in  1961  there  is  a close  resemblance  to  the  living  E.  acuminata , a considerably 
larger  species  (length,  2*5  to  3 mm.;  breadth,  2-25  to  2*5  mm.)  with  somewhat  narrower 
dorsal  pits.  The  distribution  of  the  genus  is  given  by  Chandler  (1961 : 113). 
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Monocotyledones 

Family  ? 

Genus  JENKINSELLA  Reid  & Chandler,  1933  1481 
Jenkinsella  apocynoides  Reid  & Chandler 
Plate  4,  fig.  1 1 

1961  Jenkinsella  apocynoides  Reid  & Chandler:  Chandler,  pp.  84,  113,  298,  pi.  8,  figs.  18-20;  pi.  12,  figs.  8,  9; 
pi.  30,  figs.  1-7;  text-fig.  43. 

Description.  Fruit:  A follicle,  flattened,  perhaps  immature,  slightly  imperfect  at  both 
ends.  It  shows  the  typical  stout  parallel  longitudinal  fibres  of  the  external  surface  which  on 
the  ventral  side  are  seen  to  diverge  obliquely  at  acute  angles  from  the  median  suture,  while 
on  the  dorsal  side  their  convergence  towards  the  apex  is  displayed.  Occasionally  two  adjacent 
nerves  are  seen  to  unite  at  acute  angles.  Between  the  nerves  the  transverse  cells  or  striae 
formed  by  transversely  elongate  and  aligned  cells  are  visible,  but  as  the  specimen  is  much 
abraded  no  true  epicarp  is  preserved.  The  somewhat  incomplete  pod  is  8-5  mm.  long  and, 
in  its  crushed  condition,  is  about  4-75  mm.  broad.  The  complete  length  estimated  from  the 
curvature  is  about  1 1 mm. 

Remarks.  One  specimen  only,  from  the  Upper  Fish  Tooth  Bed,  Bognor,  the  first  to  be 
recorded  from  the  Hampshire  Basin.  For  further  comments  see  pp.  90,  91. 


INCERTAE  SEDIS 

Genus  RHAMNOSPERMUM  Chandler,  1925:30 
Rhamnospermum  bilobatum  Chandler 
Plate  4,  figs.  26,  27 

1962  Rhamnospermum  bilobatum  Chandler:  Chandler,  p.  145,  pi.  23,  figs.  18-38;  pi.  24,  figs.  1-9.  See  also  for 
earlier  references. 

Description.  Seed:  Subglobular,  deeply  bilobed  with  large  circular  aperture  (about 
o -022  by  o -028  mm.  in  diameter)  at  one  end.  This  was  originally  closed  by  a plug,  now  gone, 
and  may  be  the  micropyle.  Owing  to  an  internal  pyrites  cast  which  fills  the  seed-cavity,  the 
testa  is  distended  to  its  fullest  capacity  and  the  two  longitudinal  lobes  are  pressed  so  close 
together  that  the  chalaza  scar  is  hidden  in  the  deep  furrow  between  them.  Testa  carbonaceous 
showing  the  characteristic  more  or  less  equiaxial  polygonal  cells  with  raised  beaded  walls. 
Tegmen,  seen  as  an  impression  on  the  smooth  surface  of  the  pyrites  cast,  formed  of  narrow 
elongate  cells,  longitudinally  aligned  over  the  sides  of  the  seed,  concentrically  around  the 
terminal  aperture.  Length  of  seed  parallel  with  lobes,  2-75  mm.;  diameter  at  right  angles  to 
lobes,  3 mm.;  diameter  parallel  with  lobes,  2-5  mm. 
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Remarks.  One  typical  seed  (V.45061)  from  the  Beetle  Bed,  Bognor  which  compares  in 
size  with  those  from  Sandbanks.  The  pyrites  cast  has  prevented  shrinkage  and  collapse  and 
ensures  that  the  maximum  original  dimensions  are  preserved  as  in  so  many  London  Clay 
specimens.  This  species  is  among  the  commonest  forms  in  the  older  Tertiary  Beds  of  Dorset, 
Hampshire  and  the  Isle  of  Wight.  Its  presence  in  the  London  Clay  is  important  in  that  it 
affords  one  more  link  in  the  chain  of  evidence  which  shows  the  London  Clay  to  be  comparable 
with  other  Eocene  British  deposits  in  which  the  preservation  is  carbonaceous. 


Genus  CARPOLITHUS  Linnaeus 
Carpolithus  anthozoiformis  n.sp. 

Plate  4,  figs.  12-25;  Text-fig.  6 

Diagnosis.  Fruitlets  enclosed  in  persistent  obconical  calyx  or  involucre.  Calyx  with  ten 
free  segments  at  the  apex,  five  large  alternating  with  five  small.  Segments  of  both  sizes  arising 
from  stout  longitudinal  ribs  on  the  sides  of  the  perianth,  those  passing  into  the  large  segments 
diverging  from  the  basal  attachment,  those  associated  with  small  segments  inconspicuous  or 
absent  at  the  base.  Typical  calices  about  2-5  to  3-5  mm.  long;  more  rarely  6 or  7 mm.  Breadth 
normally  about  1 to  1 *5  by  about  1 mm.  often  angled  and  bisymmetric  at  the  extreme  base. 

EIolotype.  V.45071. 

Description.  Fruitlet:  Enclosed  in  a persistent  obconical  calyx  the  form  of  which 
suggests  growth  in  a capitulum  as  in  Dipsaceae,  Compositae  or  Plumbaginaceae.  Calyx 
normally  terminating  distally  in  ten  free  segments,  five  of  which  are  large,  elongate,  pointed, 
sometimes  flattened  dorsiventrally  and  incurved  slightly  at  the  tips.  The  other  five,  which 
alternate  with  the  large  segments,  are  small,  short  and  inconspicuous  (PI.  4,  figs.  12,  17,  18, 
22,  23).  Calyx  sometimes  tending  to  be  five  faceted  or  angled.  One  fruitlet  showed  a four- 
angled form  with  four  large  and  four  alternating  small  segments.  Large  teeth  or  segments 
arising  from  conspicuous  longitudinal  ribs  on  the  side  of  the  calyx  which  diverge  from  the 
basal  attachment.  Similar  but  less  conspicuous  ribs  are  associated  with  the  smaller  segments ; 
these  cannot  be  traced  to  the  extreme  base  of  the  fruitlets  (PI.  4,  figs.  17,  18)  but  probably 
emerge  from  inner  tissues  below.  Surface  of  ribs  fibrous  and  longitudinally  striate  (V.45072). 
Tissue  between  ribs  of  transversely  aligned  cells  giving  rise  in  better  preserved  material  to 
transversely  oriented  rippling  of  the  furrows  (PI.  4,  fig.  12  and  V.45072).  In  the  furrows  finely 
toothed  cells,  about  0-018  to  0-027  mm.  can  sometimes  be  seen  (V.45071).  Wall  of  calyx 
thick,  where  sectioned,  compact,  formed  of  longitudinally  aligned  small  square  cells.  Some 
layers  are  of  elongate  cells.  Base  of  calyx  sometimes  angled  and  displaying  a definite 
bisymmetry  (V.45072  and  V.45078). 

Fruit  enclosed  almost  to  its  apex  by  the  calyx  (PI.  4,  figs.  14,  19)  roundly  conical  with 
short  apical  style.  Its  surface  shows  superficial  finely  digitate  cells  visible  in  only  a few  places 
(V.45071,  V.45073);  these  cells  have  raised  walls  and  are  again  about  0-018  to  0-027  mm-  in 
diameter.  Number  of  locules  not  known.  The  precise  relationship  of  the  fruit  to  the  calyx 
cannot  be  detected.  It  may  be  superior,  merely  cemented  to  the  calyx  by  pyrites,  or  the  fusion 
with  the  calyx  may  be  original  with  only  the  fruit  apex  projecting  freely  indicating  an  inferior 
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fruit.  Size  very  variable,  often  difficult  to  measure  through  the  adherent  growth  of  pyrites. 
Length  of  holotype,  3 -5  mm. ; maximum  diameter,  1 -5  by  1 - i mm.  Length  of  other  specimen, 
2-8  to  4-5  mm. ; breadth,  1 to  1 -5  mm.  Exceptionally  large  specimens  may  be  6 or  7 mm.  long. 
Two  such  show  traces  of  adherent  bracts  but  are  much  encrusted  and  their  connexion  with 
this  species  must  be  regarded  as  doubtful.  Two  smaller  fruits  with  bracts  are  shown  in  PI.  4, 
figs.  24,  25  (V.45080). 

Remarks.  Over  twenty  fruits  have  been  found  from  time  to  time,  most  are  from  the 
Beetle  Bed,  Bognor  (in  addition  to  figured  material  there  are  V.45081-83,  V.51 138-41, 
V.51186).  Two  are  from  the  Lower  Aldwick  Beds  (V.45084).  It  is  rare  to  find  a specimen 
which  is  not  considerably  obscured  by  pyrites  which  accumulates  around  the  free  segments, 
in  the  hollows  between  the  ribs,  and  in  the  cavity  of  the  calyx  around  the  fruit  which  may  be 
totally  immersed.  The  tips  of  the  segments  are  commonly  broken  or  a few  only  may  be 
preserved  but  the  general  arrangement  is  very  clear.  (Specimens  when  first  found  aroused  the 
interest  of  the  late  A.  G.  Wrigley  who  thought  they  might  be  free-floating  corals,  hence  the 
specific  name,  but  study  of  the  anatomy  showed  them  to  be  plants  beyond  any  doubt.)  They 


Fig.  6.  A.  Carpolithus  anthozoiformis  n.sp. 
Diagrammatic  figure  of  a fruitlet  with  calyx  (or 
involucre)  showing  alternate  large  and  small  seg- 
ments and  arrangement  of  ribs  from  which  the 
segments  arise.  Ribs  associated  with  large  segments 
diverge  from  the  base,  intermediate  ribs  appear  to 
arise  just  above  the  base. 

B.  Armeria  maritima 

Fruitlet  with  calyx  showing  five  large  segments 
arising  from  ribs  which  diverge  from  the  attachment. 
Intermediate  ribs  bifurcate  and  form  margins  of 
large  segments  instead  of  passing  into  subsidiary  seg- 
ments. They  arise  above  the  base.  /,  diaphanous  frill 
connecting  segments. 


bear  a general  resemblance  to  Armeria  (Plumbaginaceae)  but  on  detailed  examination  such  a 
relationship  is  untenable.  In  Armeria  there  are  five  or  six  marked  ribs  and  segments  in  the 
calyx  and  no  intermediate  shorter  segments.  Intermediate  ribs  do  occur  but  these  fork  distally 
and  form  the  margins  of  the  large  segments  (Text-fig.  6).  In  Cephalaria  (Dipsaceae)  the 
fruitlets  superficially  resemble  the  fossil  for  each  is  provided  with  an  involucre  consisting  of 
alternate  large  and  small  bracts  with  corresponding  large  and  small  teeth.  However  in 
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Dipsaceae  the  fruitlets  are  habitually  four-angled  with  eight  bracts  altogether.  Up  to  the 
present  no  living  fruit  has  been  found  which  agrees  in  the  details  described  above,  but  the 
species  is  so  distinctive  that  it  must  sooner  or  later  be  recognized.  It  is  therefore  placed  on 
record  as  one  of  the  more  important  characteristic  small  fruits  found  in  the  London  Clay 
flora  at  Bognor  and  hitherto  nowdiere  else. 


LOWER  BAGSHOT 

Angiospermae 

Class  DICOTYLEDONES 

Family  ANONACEAE 

Genus  ANONASPERMUM  Ball  emend.  Reid  & Chandler,  1933  : 184 

Anonaspermum  sp.  (?  A.  ovale  Reid  & Chandler) 

Plate  4,  fig.  28 

1933  Anonaspermum  ovale  Reid  & Chandler,  p.  190,  pi.  5,  figs.  31-33. 

Description.  Seed  cast:  Oval  in  outline,  slightly  convex  over  the  broad  surface  which 
has  no  median  concavity.  Bisymmetric  by  analogy  with  living  seeds  (but  one  broad  surface 
only  is  preserved),  probably  without  a marginal  groove  although  the  raphe  is  marginal 
(obscurely  seen).  Albuminous  with  coarse  contorted  ruminations  having  a slight  tendency 
to  form  a median  ridge  from  which  other  ridges  diverge.  Branching  and  anastomozing  of  the 
ridges  produces  a tendency  to  coarse  pitting  of  the  albumen.  Ridges  tend  to  fork  towards  the 
circumference  of  the  seed.  Testa  not  seen.  Length  of  seed  cast  as  preserved,  10  mm. ; breadth, 
7 -5  mm.;  thickness  could  not  be  measured. 

Remarks.  An  internal  cast  of  a seed  (V.45064)  which  reproduces  the  form  of  the  ruminate 
albumen.  The  specimen  lies  embedded  in  pipe-clay,  one  side  only  being  preserved.  The 
arrangement  of  the  ruminations  bears  a striking  resemblance  to  Anonaspermum  ovale  Reid  & 
Chandler  (1933:  190,  pi.  5,  figs.  31-33)  from  the  London  Clay.  Their  coarseness  and  the 
tendency  to  fork  marginally  are  characteristic  features  of  that  species.  In  view  of  the  limited 
material  the  reference  to  A.  ovale  must  be  regarded  as  doubtful,  but  the  connexion  with  the 
family  Anonaceae  is  clear.  The  specimen  is  from  the  Corfe  Clays,  Lower  Bagshot  and  is  part 
of  the  old  W.  R.  Brodie  Collection.  Other  horizons  for  the  genus  Anonaspermum  are  shown 
in  the  Table  on  p.  22. 
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Family  CAPRIFOLIACEAE 
Genus  ABELIA  R.  Brown 
Abelia  sp. 

Plate  4,  fig.  29 

Description.  Fruit:  Fruit-bodv  not  seen,  inferior,  either  buried  in  the  matrix  or 
probably  not  preserved  at  all,  its  crushed  apex  somewhat  obscure.  Persistent  calyx  an 
impression  having  four  large  wings  arranged  in  a cruciform  manner,  rounded  oblong  in 
outline  but  narrowing  slightly  distally,  feebly  recurved  at  tips  and  sides  so  as  to  give  a gently 
convex  upper  surface  and  a corresponding  gently  concave  lower  side.  Each  wing  with  about 
fourteen  close-set  longitudinal  nerves  continued  to  the  margins.  These  nerves  diverge 
gradually  from  the  base  towards  the  distal  end,  frequently  bifurcating  at  acute  angles.  Some 
measure  of  anastomozing  of  adjacent  forks  can  be  seen.  Nerves  prominent  on  the  lower 
impression,  scarcely  so  on  the  upper.  Length  of  wings  about  12  mm.;  maximum  breadth, 
3 mm. ; approximate  diameter  about  24  or  25  mm. 

Remarks.  A single  calyx  (V.45065)  represented  by  counterparts  preserved  as  impressions 
in  fine  white  pipe-clay  from  Corfe  may  come  from  the  W.  R.  Brodie  Collection  as  the  matrix 
and  preservation  are  identical  with  that  of  Anonaspermum  sp.  The  larger  of  the  two  parts 
shows  the  convex  impression  of  the  concave  lower  surface  of  the  calyx  with  one  perfect  and 
three  very  slightly  imperfect  wings  and  crushed  apex.  The  smaller  counterpart  shows  the 
corresponding  but  concave  upper  impression  with  three  wings  preserved,  the  fourth  re- 
presented by  a small  fragment  of  the  proximal  end  only.  One  of  the  incomplete  wings  in  the 
lower  impression  is  here  perfectly  preserved.  The  species  resembles  Abelia  quadrialata 
Reid  & Chandler  from  the  Bembridge  Beds,  Isle  of  Wight  in  its  four  wings  with  bifurcating 
nervation  but  differs  from  that  species  in  their  relatively  narrower  subparallel-sided  form, 
the  wings  of  A.  quadrialata  being  broader,  obovate  or  spathulate  in  outline,  9-5  to  14  mm. 
long  and  4-5  to  6 mm.  wide  with  more  markedly  divergent  nerves.  However  the  presence  of 
the  genus  in  the  Lower  Bagshot  and  the  Bembridge  Insect  Limestone  is  an  interesting  link 
due  no  doubt  to  the  preservation  of  some  plants  as  impressions  at  the  two  horizons.  The 
distribution  of  the  living  species  in  China  and  Japan,  the  Himalayas,  Turkestan,  Baluchistan 
and  Central  America  may  be  noted,  the  closest  resemblance  being  with  the  Old  World  species. 
Unlike  Anonaspermum  which  is  to  be  regarded  as  a tropical  element  in  the  flora,  Abelia 
probably  represents  the  montane  element  of  Lower  Bagshot  times. 
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BARTON  BEDS 

Gymnospermae 

Class  CONIFERALES 
Family  ABIETINEAE 
Genus  PINUS  Linnaeus 
Pinus  dixoni  (Bowerbank)  Gardner 
Plate  4,  fig.  30 

i960  Pinus  dixoni  (Bowerbank)  Gardner;  Chandler,  p.  202,  pi.  29,  figs.  12,  13;  pi.  30,  figs.  14,  15;  ?p.  220,  pi.  33, 
figs.  75-79.  See  also  for  earlier  references. 

Description.  Cone : Elongate-ovoid,  90  mm.  long,  35  mm.  broad,  is  a typical  specimen 
of  Pinus  dixoni.  It  is  somewhat  crushed,  slightly  imperfect  below  and  at  the  extreme  tip 
but  shows  typical  rhomboidal  apophyses,  the  largest  of  which  is  about  14  mm.  in  transverse 
diameter  and  9 mm.  in  height.  A second  apophysis  measures  14  by  7 mm.  V.44840  from 
Beckton  Bunny  presumed  to  come  from  a high  horizon  in  the  Barton  Beds. 


UPPER  HEADON  OR  OSBORNE  BEDS 

Angiospermae 

Class  MONOCOTYLEDONES 

Family  PALMAE 

Genus  ? 

Plate  4,  fig.  31 

Description.  Leaf:  Incomplete,  base  and  apex  and  one  side  missing,  only  one  edge 
of  the  rachis  preserved,  from  the  surface  of  which  spring  twelve  pinnae.  Exact  character 
of  their  distal  ends  obscure  but  they  are  triangular,  expanding  rapidly  after  they  leave  the 
rachis,  reflexed  at  point  of  insertion  so  as  to  be  convex  on  the  upper  surface.  On  the  impression 
of  the  under  surface  (smaller  of  two  counterpart  fragments)  the  lower  margin  of  each  pinnule 
tends  to  overlap  the  upper  margin  of  the  next  pinnule  below  and  vice  versa  on  the  larger 
counterpart  which  shows  the  impression  of  the  upper  surface.  The  three  best  preserved 
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pinnules  towards  the  lower  end  of  the  specimen  show  an  obscure  midrib  flanked  on  both 
sides  by  finer  parallel  longitudinal  nerves  about  0-75  to  1 mm.  apart,  stouter  nerves  alternating 
with  more  slender  ones.  Between  all  nerves  are  traces  of  finer  longitudinal  striation.  Points  of 
insertion  of  pinnules  about  20  to  27  mm.  apart  on  the  rachis.  Maximum  length  of  a pinnule 
preserved  about  12-5  cm.  (distal  ends  always  broken).  Maximum  breadth,  3-5  cm.  Pinnules 
on  opposite  side  of  rachis  and  most  of  the  width  of  the  rachis  cut  away  by  edge  of  stone.  The 
pinnules  in  the  upper  half  of  the  specimen  have  shredded  longitudinally  throughout  their 
length.  Only  about  33  by  18  cm.  of  the  leaf  is  preserved. 

The  specimen  (V.45000)  was  obtained  by  splitting  open  an  ironstone  block  found  on  the 
shore  in  the  embayment  between  Sconce  Point  (Fort  Victoria)  and  Cliff  End  (Fort  Albert) 
where  from  time  to  time  ironstones  tend  to  accumulate.  As  the  cliffs  above  are  formed  of 
Upper  Headon  overlain  by  Osborne  Beds,  there  seems  to  be  little  doubt  that  the  slab  came 
from  one  of  these  two  horizons.  Both,  according  to  Reid  & Strahan  (1889),  include  ironstone 
layers.  The  derivation  is  made  even  more  probable  because  at  the  present  time  the  whole 
cliff  between  Yarmouth  and  Colwell  appears  to  be  slipping.  The  gently  sloping  surface,  until 
recently  completely  grass  grown,  is  now  badly  cracked  and  the  movement  of  the  clays  is 
pushing  the  sea  wall  into  the  sea.  From  observation  on  the  spot  it  seems  unlikely  that  the  slab 
could  have  come  from  any  other  horizon. 
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Angiospermae 

Class  DICOTYLEDONES 

Family  VITACEAE 

Genus  VITIS  Linnaeus 

Vitis  stipitata  Chandler 

1957  Vitis  stipitata  Chandler,  pi.  15,  figs.  128,  129. 

Diagnosis.  Seed  subquadrangular  in  outline,  apex  truncate  and  slightly  furrowed,  base 
markedly  stipitate.  Ventral  infolds  occupying  scarcely  more  than  half  the  length  of  the  seed 
(excluding  stipitation),  very  slightly  divergent  upwards.  Chalaza  large,  arising  below  centre 
of  seed,  narrowed  gradually  into  the  broad  raphe.  Groove  between  chalaza  and  stipitation 
deep,  conspicuous.  Length  of  seed  about  3 -3  mm. ; breadth,  2 mm. 

Holotype.  V.33932. 

Description.  Seed:  Subquadrangular  in  outline  with  apex  truncate  and  slightly 
furrowed  by  a groove  for  the  raphe,  base  narrowed  abruptly  into  a conspicuous  long 
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stipitation.  Surface  smooth  with  rounded  contours.  Dorsal  side  somewhat  flattened  with 
large  elongate  oval  chalaza  occupying  more  than  a third  of  the  breadth  of  the  seed,  slightly 
narrowed  into  the  broad  raphe  above  and  arising  below  the  middle  of  the  seed,  sunk  in  a 
narrow  groove  which  is  continued  below  as  a marked  furrow  to  the  stipitation.  Raphe  ridge 
rounded,  ventral  infolds  scarcely  more  than  half  the  length  of  the  seed  excluding  the 
stipitation,  slightly  divergent  upwards,  scarcely  concave  to  the  raphe  ridge.  Length  of  seed 
including  stipitation  about  3-3  mm.;  breadth  about  2 mm.  (estimated;  slightly  imperfect  on 
one  side). 

Remarks.  One  seed  only  from  Heathfield,  hence  the  dimensions  can  be  given  only 
approximately  as  the  range  of  variation  is  not  known.  This  small  seed  is  of  distinctive  ap- 
pearance. It  was  figured  but  not  described  in  1957,  this  omission  being  now  remedied.  The 
narrowly  quadrangular  form,  scarcely  divergent  infolds  and  more  slender  chalaza  distinguish 
it  from  Vitis  hookeri , another  Heathfield  species. 
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Aracispermum  arnense,  19 
Araucaria,  8,  53 
Araucarineae,  17,  54,  84,  104 
Araucarites,  12,  13,  53,  68-70,  74,  104 
gurnardi,  17,  39 
selseyensis,  17 
sternbergi,  17,  69 
sp.,  i7»  73>  93»  I04;  PI-  2,  %.  11 
Arceuthobium,  36,  74 
Arber,  E.  A.  N.,  45 
Arctic  Beds,  97 
Arcto-Tertiary,  4,  83 
Ardisia  eocenica,  32 
Arkell,  W.  J.,  12,  48 
Armeria,  126 
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Beetle  Bed,  93,  94,  105,  109,  113,  114,  116,  118,  119, 
121-123,  125,  126 
Beilschmedia,  79 
bognorensis,  22 
bowerbanki,  22 
crassicuta,  22 
eocenica,  22 
fibrosa,  22 
gigantea,  22 
oviformis,  22 
pyriformis,  22 

Belgium,  43-45,  48,  51,  72,  82,  83,  85,  88 
Bembridge,  I.o.W.,  8-10,  14,  37,  60,  73-76,  87 
Bembridge  Beds,  9,  12,  16,  37-39,  41,  51,  65,  72-75, 
81,  88,  92,  105,  109,  128 
Berger,  W.,  59 
Berkshire,  13,  93,  97 
Berry,  E.  W.,  6,  10,  58,  86 
Betula,  35,  61,  81 
Betulaceae,  19,  35 
Bignoniaceae,  33 
Bishopstone,  Kent,  13,  70 
Blackheath  Beds,  9,  13,  16,  44,  93,  103 
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lignosus,  34 
monasteriensis,  34 
mudensis,  34 
nervosus,  41 
olacaceoides,  34 
ornatus,  34 
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Cleyera,  56,  70,  78 
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dubium,  30,  40 
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Coniferales,  97,  104,  129 
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quadrilocularis , 31,  41,  71 
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equilaterale,  33 
lakense,  33 
mudense,  33 
obliquum,  33 
reidii,  33,  41,  71 
sheppeyense,  33 
triangular e,  33 

Cuisian,  3,  9,  12-14,  l6>  43-45.  49.  5°.  7° 
Cupania,  36,  74,  76 
Cupanoides,  36 
grandis,  28 
tumidus,  28 
sp.,  28,  74 
Cuphea,  36,  75,  76 
Cupressineae,  17,  54,  109 
Cupressinites,  53 
curtus,  17 
oviformis,  17 

Cupressinoxylon  holdenae,  17 
Cupressistrobus  gar dneri,  17,  74 
Cupressus,  74,  105 
sp.,  17 

Curry,  D.,  12,  13,  52,  87,  92,  120 
Cyatheaceae,  35 
Cyperaceae,  10,  13,  18,  35,  66 
Cyrilla,  36,  76 
Cyrillaceae,  36 
Czechoslovakia,  46,  48 
CZECZOTT,  H.,  II 


Dacrydium,  35 
Dalbergia  tarta,  66 
Danube  River,  46 
Daphne,  70 

bournensis,  30,  41,  70 
sp.,  30,  41 


Dartmoor,  77 
Datureae,  33 

Davis,  A.  G.,  11-13,  43-45,  50,  52,  57,  60,  87 
Davisella  ehretioides,  41 
Davisicarpum  gibbosum,  21 
Decaplatyspermum  bowerbanki , 25 
Deccan  Intertrappean  Beds,  46 
Decodon  gibbosus,  3 1 
vectensis,  31,  73 
Desmonema,  113,  114 
Devon,  1,  9,  49,  97 
Dewalquea,  83,  84 
Dewey,  H.,  77 
Diatoms,  14 
Diclidocarya  minor,  31 

Dicotyledones,  8,  19,  35,  83,  98,  101,  103,  no,  in, 
127,  130 

Dicotylophyllum  pinnatifidum,  34 
Dicranopteris,  35 
hantonensis,  16 
Dillenia,  36,  60 

Dilleniaceae,  30,  36,  54,  79,  87 
Diospyros,  79 
antiqua,  41 

headonensis,  32,  41,  63,  65,  71 
Dipelta,  75 

europaea,  33 
Diploclisia,  56,  58,  59 
bognorensis,  21 
Dipsaceae,  125 -127 
Dipterocarp,  7,  8,  56,  81 
Dipterocarpaceae,  36,  56 
Dipterocarpus,  36 
Ditrupa,  104 

Dolianiti,  E.,  10,  58,  86 
Doliostrobus  sp.,  39 
Dombeya,  55 
Dombeyopsis,  83 
Dorog,  Hungary,  46 

Dorset,  6,  9,  12,  13,  45,  46,  48,  50,  52,  65-68,  73,  74, 
92,  94,  117,  120,  125 
Dorset  County  Museum,  74 
Dracontocarya  glandulosa,  26,  66,  71,  72 
Dracontomelon,  55,  57-59,  88 
mangiferum,  56 
minimum,  26,  81 
subglobosum,  26 
Droseraceae,  24 
Dryandra,  84 
Dryophyllum,  83,  84 
Dudar  Mountains,  Hungary,  46 
Dulwich,  13,  93,  95,  98,  100 
Dunstania,  53,  66,  68,  71 
ettingshauseni,  31 
glandulosa,  31,  41,  65,  67 


INDEX 


!4I 


Dunstania — continued 
lakensis,  31 
multilocularis,  31,  67 
D urania  stonei,  32,  41 

Ebenaceae,  32,  79 
Echinocarpus  priscus,  29 
sheppeyensis,  29 
Ecuador,  44 
Edwards,  N.,  92 
Edwards,  W.  N.,  vii,  45,  57 
Egypt,  9,  46,  48,  59 
Ehretia,  53,  56,  123 
amminata,  123 

clausentia,  33,  94,  123;  PL  4,  figs.  7-10 
ehretioides,  33,  41 
lakensis,  33,  67 
Ehretiodeae,  33 
Elaeocarpaceae,  29,  36,  54 
Elaeocarpus,  36,  60 

Elliott,  G.  F.,  11-13,  43-46,  52,  57,  60 
Elmstead  Woods,  Chislehurst,  103 
Embothrites,  81 
Endiandra,  22,  55 
crassa,  23 
sp.,  23 

Endlicher,  S.  L.,  105 
Engelhardtia,  35,  53,  60,  72-76,  81 
brongniarti,  74 
macroptera,  19,  74 
sp.,  19 

Eohypserpa,  58,  59 
parsonsi,  21 

Eoliquidamber  hordwellensis,  24 
Eomastixia,  70,  71,  80,  92,  99,  100,  102,  103 
bilomlaris , 41 

rugosa,  31,  41,  65,  66,  68,  69,  71,  72,  80,  91,  93, 
99,  100,  102,  103;  PI.  2,  figs.  6,  9,  10 
urceolata,  31,  66 
Eozanthoxylon  glandulosum,  25 
Epacridaceae,  32,  54,  72 
Epacridicarpum  colwellense,  32 
headonense,  32,  41,  65,  72 
mudense,  32 
Ephedra,  35 

Epipremnum  ornatum,  19 
Equisetaceae,  16,  94 
Equisetales,  16,  94 
Equisetum,  74,  91,  94,  95 
lombardianum,  16 
sp.,  16,  93,  94,  95;  PI.  1,  figs.  1-7 
Erdtmann,  G.,  60,  71 
Ericaceae,  32,  36,  41 
Erythropalum,  55,  56,  58,  59,  88 
europaeum,  20 
jenkinsi,  20 


Erythropalum — continued 
striatum,  20 
turbinatum,  20 
Essex,  13,  45 
Euphorbia,  54 

Euphorbiaceae,  25,  26,  40,  41,  54-56,  61,  117 
Euphorbiospermum  ambiguum,  25 
bognorense,  25 
cooperi,  25 
crassitestum,  25 
eocenimm,  25 
latum,  25 
obliquum,  25 
obtusum,  25 
punctatum,  26 
subglobulare,  26 
subovoideum,  26 
subquadratum,  26 
truncatum,  26 
venablesi,  26 
sp.,  26 

Euphorbiotheca  digitata,  26 
lakensis,  26 
minima,  26 
minor,  26 
obovata,  26 
obscura,  26 
pentalocularis,  26 
platysperma,  26 
sheppeyensis,  26 
tuberculata,  26 
sp.,  26 

Euptelea,  35,  74 

Europe,  38,  43,  45,  46,  48,  49,  56-59,  61,  63,  76,  80, 
82-86,  88 

Eurya,  56,  120- 122 

becktonensis,  30,  121 
mudensis,  30,  121 

sp.,  30,  92,  94,  120;  PI.  4,  figs.  5,  6 
Exocarpus,  36,  60 
Exothea,  36,  60 

Faboidea  crassicutis,  27 
Fagaceae,  20,  35 
77,  83,  84 
minima,  20 
sp.,  20 

Fehmarn  Island,  9,  45,  48 
Fibraureae,  21 
Ficus,  8,  66,  77,  79,  83 
lucidus,  20,  65-68,  72 
sp.,  20 
Fiji,  59 

Filicales,  16,  35,  96 
Felix  Incertae  Sedis,  39 
Finlason,  M.  D.,  92 
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Fisher  Beds,  12,  13 

Fish  Tooth  Beds,  93,94,  105,  110-112,  116,  117,  121, 
123,  124 

Flabellicula  anglica,  33 

Flacourtiaceae,  30,  40,  54,  61,  76,  79,  81,  82,  88,  122 

Florida,  52 

Ford,  R.  L.  E.,  92 

Fort  Albert,  I.o.W.,  130 

Fort  Union  Formation,  91 

Fort  Victoria,  I.o.W.,  130 

France,  43-46,  48,  76,  84,  88 

Frangula  hordwellensis,  28,  40 

Franks,  J.  W.,  37 

Fremontia,  36,  61 

Frintonia  ornata,  21 

Fritel,  P.  H.,  45,  46 

Gardner,  J.  S.,  6,  13,  14,  44,  49,  66,  68,  69,  73,  89, 
!°5 

Garry  a,  61 
Geiseltal  Flora,  81 
Gelinden,  50,  57,  83-85,  88 
Germany,  9,  43,  45,  48,  76,  80,  81,  87,  88 
Gesnouinia,  36,  61 
Gilliam,  J.,  92,  114 
Ginkgo,  83 
Gleichenia,  35,  60 
Gleicheniaceae,  16,  35 
Glyptostrobus,  35,  61 
Gnetaceae,  35 
Goniopteris  bunburi,  16 
Goodeniaceae,  36 
Gordonia,  30 
minima,  30 
truncata,  30 

Gramineae,  18,  19,  91,  93,  97,  98;  PI.  1,  fig.  10 
Greenland  Province,  83-85 
Grewia,  79 

minima,  29 
Grewiopis,  83 
Gulf  of  Siam,  7 
Gunnera,  36,  60 
Gurnard  Bay,  I.o.W.,  12,  37 
Gymnospermae,  16,  35,  97,  104,  129 

Halesia,  36,  74 
Halle,  Germany,  81 
Haloragicarya  quadrilocularis,  31 
Haloragidaceae,  31,  36 
Haloragis  sp.,  31 

Hamamelidaceae,  24,  36,  53,  54,  61,  64,  77,  90 
Hamamelis,  36,  74,  76 
Hampshire,  6,  12,  13,  48,  66,  94,  125 
Hampshire  Basin,  12,  42-44,  48,  49,  52,  57,  92,  116, 
117,  119,  124 


Hamstead  Beds,  1,3, 12, 16, 37,51,73 ,76,78-80,97, 105 
Hamworthy,  Dorset,  49 
Hantsia  glabra,  20 

pulchra,  20,  39,  65,  69 
Harris,  T.  M.,  105 

Headon  Beds,  9,  12,  16,  37,  39-42,  45,  50,  51,  60, 
62-65,  7°-73.  76,  78,  79,  88,  92,  1 18,  121,  129, 
130 

Headon  Hill,  14,  37 
Heathfield,  Devon,  78,  79,  94,  130 
Heer,  O.,  77-79,  104,  106 

Hengistbury  Beds,  9,  12,  13,  16,  39,  40,  41,  45,  70 
Hermannia,  36 

Herne  Bay,  Kent,  2,  13,  42,  45,  61,  92-94,  no,  115, 
118,  122 

Hewardia  regia,  16 
Hibbertia,  56 

bognorensis,  30 

Highcliff  Sands,  3,  9,  12,  16,  50,  64,  65,  70,  78,  105, 
121 

Hightea,  54,  94,  121,  122 
elliptica,  30,  41,  122 
turgida,  30,  41 
Himalayas,  55,  56,  59,  128 
Hofmann,  E.,  59 
Holarctic,  83 

Holttum,  R.  E.,  vii,  52,  57,  75,  87 
Holtwood,  Dorset,  13,  52,  92,  94,  117,  120 
Honeycomb  Chine,  Hampshire,  6,  12 
Hooleya,  75 

kermis,  19,  74,  81 

Hordle  Cliff,  Hampshire,  12,  45,  50,  64,  65,  70-76, 
80,  87,  94,  106,  1 19,  121 
Hordwell,  Hampshire,  71 
Hordwellia,  121,  122 

crassisperma,  30,  40,  64-66,  68,  71-73 
Hugonia,  55,  61 

Hungary,  45,  48,  74,  76,  81,  82,  88 
Hydrobia,  95 
Hydrocharitaceae,  17,  18 
Hymenophyllaceae,  35 
Hypserpa,  55,  59 

Icacinaceae,  27,  28,  36,  54,  56,  71,  72,  88,  103,  118 
Icacinicarya,  58 

amygdaloidea,  27 
bartonensis,  27 
becktonensis,  27 
bognorensis,  27 
echinata,  27 
elegans,  27 
emarginata,  27 
forbesi,  27,  40 
foveolata,  27 
glabra,  27 
inornata,  27,  66,  67 
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Icacinicarya — continued 
jenkinsi,  27 
minima , 27 
mucronata , 27 
nodulifera,  27,  118 
ovalis,  27,  1 18 
ovoidea,  27 
platycarpa,  27,  67 
pygmaea,  27 
reticulata,  27 
rotundata,  27 
sp.,  27,  40 
transversalis,  27 
Ilex,  36,  61,  79 
sp.,  27 

Incarvillea  pristina,  33 
Incertae  Sedis,  34,  124 
India,  55,  56 
Indian  Ocean,  57,  67,  88 
Indo-Malaya,  4,  38,  56,  57,  59,  60,  63,  76,  113 
lodes,  36,  58-60,  74,  76,  88,  89,  1 18 
acutiformis,  27,  66,  67 
corniculata,  27,  67 
davisi,  27 
elegans,  27 
eocenica,  27,  118 
hordwellensis,  27 
multireticulata,  27 
sp.,  27,  40 

Ipoly  River,  Hungary,  82 
Irrawady,  6 

Isle  of  Wight,  1,  12,  14,  37,  46,  51,  61,  65,  72,  76,  89, 
92,  94,  97,  108,  109,  125,  128,  130 
Italy,  45,  48 

Jane,  F.  W.,  97 

Japan,  53,  55,  59,  72,  76,  82,  83,  128 
Jatrorrhiza,  113,  114 

gilliami,  21,  93,  113;  PI.  3,  figs.  3-5 
palmata,  113,  114 
Java,  53,  59,  81 
Jenkinsella,  90,  91,  100,  124 

apocynoides,  33,  41,  89,  90,  93,  94,  100,  124; 

PI.  2,  fig.  3,  PL  4,  fig.  11 

Johore,  5 

Juglandaceae,  19,  35,  37,  53,  54,  75,  no 
Juglandicarya,  35,  37,  58 
bognorensis,  19 
cantia,  19 
cooperi,  19 
crassa,  19 
depressa,  19 
lubbocki,  19 
minuta,  19 

Juglans,  35,  74,  83,  84 
jfussieua,  36,  74,  75 


Keeping,  H.,  71 

Kent,  13,  14,  37,  44,  70,  92,  93,  102,  103 

Kerr,  A.,  7 

Ketelleria,  35 

King,  L.  C.,  45,  77 

Kirchheimer,  F.,  40,  81 

Kovacs,  E.,  46,  81 

Krausel,  R.,  46,  59 

Krisztofowicz,  A.  N.,  85 

Kryshtofovich,  a.  N.,  vii,  3,  46,  51,  57,  58,  82-85 
Kuzniar,  W.,  46 
Kydia,  81 

Labiatae,  33 
Lagenella  alata,  33 
Lagenoidea,  117 

bilocularis,  26,  41,  94,  117;  PI.  3,  fig.  11 
trilocularis,  26,  41 
Lager stroemia,  55 
Lake,  Dorset,  13,  49 
Lakhanpal,  R.  N.,  46 
Lance  Formation,  91 
Lancing,  Sussex,  13,  93,  96 
Landenian,  13 
Lanfrancia,  80 
subglobosa,  31 
Langtonia,  58,  80 
bisulcata,  31 
Lannea,  36 

europea,  26 
jenkinsi,  26 
sp.,  26 

subreniformis,  26 
Lattorfian,  12 

Lauraceae,  7,  22,  24,  40,  52,  54,  56,  59,  61,  66,  68,  69, 
76,  77-  79-  81-85,  88,  98,  1 16 
Laurocalyx  bowerbanki,  23 
dubius,  23 
fibrotorulosus,  23 
globular  is,  23 
magnus,  23 
sp-,  23 

Laurocarpum,  58,  71,  98 
eras  sum,  23 
cupuliferum,  23 
davisi,  23 
inornatum,  23 
minimum,  23 
minutissimum,  23 
ovoideum,  23 
paradoxum,  23 
proteum,  23 
pyrocarpum,  23 
sheppeyense,  23 

sp.,  14,  23,  40,  93,  98;  PI.  1,  fig.  10,  PI.  2,  fig.  1 
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Laurus,  77 
Leaf-bed,  50,  71 
Ledian,  12 

Lea  Valley,  Herts.,  97 
Legumes,  66,  73,  87 
Leguminocarpon  nervosum,  24,  41 
Leguminosae,  10,  24,  54,  56 
Leguminosites  gardneri,  24,  89 
sp.,  24,  89 
Leitneria,  35,  76 
Leitneriaceae,  35 
Lepidocaryinae,  19 
Leptonychia,  36,  60,  74 
Leucopogon  quadrilocularis , 32 

sp-,  32 

Lewisham,  Surrey,  93,  97 
Leyrida  bilocularis,  34 
subglobularis,  34 
Libocedrus,  74,  109 
adpressa,  17 

sp-,  17.  93.  I09;  PI.  2,  figs.  14,  15 
Licuala,  76,  82 

Lignite,  1,  9,  13,  16,  40,  41,  78,  87,  97,  105,  130 
Ligustrum,  36 
Limnocarpus,  12,  13,  70 
Limnocarpus  Band,  70,  71 
Limnocarpus  cooperi,  17 
enormis,  17,  70 
forbesi,  17,  39,  69-71,  75 
headonensis,  39 
magnus,  17 
sp.,  17 
spinosus,  17 

Linaceae,  25,  36,  40,  54,  55 
Liquidambar,  36,  74,  76,  84 
palaeocenica,  24,  52,  89,  90 
sp.,  40 

Liriodendron , 84 
Litsea  pyriformis,  23 
Livistona,  35,  60,  79,  88 
minima,  18 

Lobaticarpum  variabile,  27 
Lomariopsis,  81 

London  Basin,  12,  14,  37,  43-45,  48,  57,  61,  92,  98 
London  Clay,  2-5,  7,  9-1 1,  13,  16,  36-74,  80,  81, 
84-93.  97.  99.  IC>2,  104,  105,  hi,  116,  118, 
120-123,  125,  127 
Lonicera,  36,  74 
Loranthaceae,  36 
Ludian,  12 

Lutetian,  9,  12,  13,  16,  45,  50,  70,  87 
Lycopodiaceae,  35 
Lycopodiales,  16,  35 
Lycopodium,  35 
Lygodieae,  96 


Lygodium,  14,  35,  37,  39,  52,  60,  69,  70,  72-74,  76, 
85.  96.  97 

kaulfussi,  16,  65,  68,  96 
poolensis,  16,  65 
prestwichi,  16,  96 

sp.,  14,  16,  39.  93.  96;  P1-  1.  figs-  8,  9 
Lymington,  Hampshire,  12 
Lysimachia,  78 
boveyana,  32 
Lythraceae,  31,  36,  54 

Macclintockia,  83,  84 
Macro,  S.,  10,  11 
Maclura,  36,  76 
Madagascar,  55,  59 
Madeira,  55 
Madhuca,  36,  60 
Maestrichtian,  9,  59 

Magnolia,  7,  53,  58,  64,  68,  69,  77,  79,  82,  83 
angusta,  21 
boveyana,  21 
crassa,  21 
davisi,  21 
enormis,  21 
gigantea,  21 
lata,  21 
lobata,  21 
longissima,  21 
oblonga,  21 
pygmaea,  21 
rugosa,  21 
sp.,  22 

subcircularis,  21 
subquadrangularis,  22 
subtriangularis,  22 
symmetrica,  22 

Magnoliaceae,  21,  22,  54,  61,  79,  115 
Malaysia,  2,  5-8,  46,  48,  53-59,  66,  73,  75 
Manglietia,  82 

Mangroves,  48,  50,  52,  61,  65,  66,  86-88 
Manilkara,  36,  60,  74 
Maoutia,  81 
Mascarene  Islands,  55 

Mastixia,  36,  45,  52,  54,  58-60,  70,  78,  80,  81,  85, 
88,  99 

boveyana,  31 
cantiensis,  31,  66,  67 
glandulosa,  31,  41,  72 
grandis,  31 
parva,  31 

sp.,  31,  32,  91,  93,  99,  100;  PI.  2,  figs.  4,  5 
Mastixicarpum,  58,  70,  71,  80,  81 

crassum,  32,  65,  66,  68,  69,  71,  72 
Mastixioideae,  31  32,  41,  54,  56,  76,  80,  81,  88,  99, 
100,  102,  103 
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Mauritius,  114 
Mediterranean,  85,  88 
Meliaceae,  25,  54 
Melicarya  variabilis,  25 
Meliosma,  36,  58,  60,  71,  77 
cantiensis,  28 
jenkinsi,  10,  28 
reticulata,  28 

sheppeyensis,  28,  40,  67-69,  71 
sp.,  40,  71 
Melissa,  75 
parva,  33 

Menispermaceae,  10,  21,  36,  54,  56,  64,  79,  88,  101, 
hi,  114 

Menispermicarpum,  102 
rariforme,  21 
serratum,  40,  101 
sp.,  21 
venablesi,  21 
Menispermum,  hi,  112 
obliquatum,  40 

taylori,  21,  93,  in;  PI.  2,  fig.  16 
Metasequoia,  35,  61,  83,  107- 109 
glyptostroboides,  109 
Michelia,  82 
Microdiptera  major,  31 
parva,  31,  78 
Microtinomiscium,  58 
foveolatum,  21 
Mimoseae,  66 
Mimosites,  81 

browniana,  24,  66 
Mimusops,  36,  60,  74 
Minsterocarpum  alatum , 31 
Miocene,  n,  51,  78,  82,  85 
Mollusca,  42,  52,  104 

Monocotyledones,  17,  35,  41,  97,  101,  no,  124,  129 
Monocotylophyllum , 19 
Monotes,  81 
Moraceae,  20,  36 
Moroidea  boveyana,  20 
hordwellensis , 20 
Morus  poolensis,  20 
sp.,  20 

Moseley,  H.  N.,  7,  n 
Mount  Martinovics,  Hungary,  81 
Mugodjaz,  U.S.S.R.,  84 
Myrica,  35,  68,  71,  74,  76,  79,  82 
boveyana , 19,  65,  71,  73 
colwellensis , 19,  73 
Myricaceae,  19,  35,  79,  81 
Myrsinaceae,  32,  54 

Myrtaceae,  31,  41,  54,  77,  78,  81,  101,  121 
Myrtospermum,  101,  121 
boveyanum,  40 
cooperi,  41 


Myrtospermum — continued 
dubium,  40 
sp.,  41 
variabile,  40 
warreni,  41 

Najadaceae,  17 
Najas  oligocenica,  17 
Natsiatum,  52,  56,  103,  118 

eocenicum,  27,  52,  63,  65,  67-69,  71,  92-94,  103, 
118;  PI.  4,  figs.  1-4 
sp.,  27,  40 
Nelumbium,  76,  83 
buchi,  20,  73 
Neogene,  84 
Neolitsea,  8 
sp-,  23 

Neotropical  Flora,  3,  4,  84,  85 
Neuroraphe  obovatum,  34 
New  Guinea,  8,  53,  55 
Newhaven,  Sussex,  13,  42,  93,  96,  98 
Nigeria,  59 

Nipa,  3,  9,  10,  12-14,  19,  35,  38,  45-48,  50,  55,  58-60, 
63,  65-74,  76,  80,  81,  84-89 
burtini,  19,  65 
sp.,  19,  71 

Nipaceae,  19,  35,  54 
Nipadites,  14,  62 
Noirmoutiers,  45 
Nothofagus,  35,  60,  61,  69,  88 
Nummulites,  50 
laevigatus,  13 
lucasianus,  13 
planulatus,  13,  43 
prestwichi,  12 
rectus,  12 
variolarius,  12 
Nuphar,  5 

ovatum , 40 

Nursling,  Hampshire,  2,  13,  87,  123 
Nyctaginaceae,  71 
Nymphaea,  5 
sp.,  20 

Nymphaeaceae,  20,  36,  54,  93,  no;  PI.  3,  figs.  1,  2 
Nyssa,  36,  58,  60,  74,  76,  77,  79 
bilocular  is,  31,  41 
boveyana,  31 
cooperi,  31 

sp-,  31 

Nyssaceae,  31,  36,  54 

Nyssoidea  eocenica,  31,  68 

Ochrosella  ovalis,  33 
Ochrosia,  55 
Ochrosoidea,  86,  87 
sheppeyensis,  33 
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Octhocosmus,  36,  60 
Odina,  36,  55,  60 
Olacaceae,  20,  36,  34,  88 
Olax,  58,  88 
depressa,  20 

Oldhaven  Beds,  9,  13,  16,  40,  41,  44,  70,  92,  93, 
101-103 

Olea  headonensis,  33,  41,  71 
Oleaceae,  33,  36,  41 
Oleineae,  41 

Oligocene,  v,  1,  4,  35-38,  49,  50,  56,  70,  72,  74,  76-82, 
84,  85 

Omphalodes  platycarpa,  33 
Onagraceae,  31,  36 
Oncoba,  55,  60,  70,  85,  88,  122 
rugosa,  30,  65,  66,  68 

variabilis,  30,  52,  89,  94,  122;  PI.  3,  figs.  17-20 
Oncobella  polysperma,  30 
Oncosperma,  48,  55,  60,  88 
anglica,  18 
Onoclea,  83 
Oreomunnea,  53 
Orites,  sp.,  39 
Orpington,  Kent,  103 

Osborne  Beds,  I.o.W.,  9,  12,  16,  37,  51,  65,  73,  92, 
94.  J29.  13° 

Osmunda,  13,  35,  52,  69,  74,  77,  78 
dowkeri,  16,  39,  52 
lignitum,  16,  52,  69,  77 
Osmundaceae,  16,  35,  37 
Osmundites,  51 
dowkeri,  39 
Ottelia  britannica,  17 
Ovicarpum  reticulatum , 20 

Pachyspermum  quinqueloculare,  31 
Palaealectryon  spirale,  28 
Palaeallophylus  minimus,  28 
ovoideus,  28 
rotundatus,  28 
Palaeeucharidium,  53 
cellulate,  31 
Palaeoaltingia,  58 
Palaeobrugiera,  14,  36,  38,  74 
elongata,  31 
lata,  31 

Palaeobursera  bognorensis,  25,  67,  69 
lakensis,  25,  40,  65-69,  71,  72 
sp.,  40 

Paleocene,  v,  1,  9,  12,  13,  43,  48,  49,  51,  52,  57-59, 
83-86,  88,  91 

Palaeocleome  lakensis,  24,  67 
Palaeococculus  lakensis,  21,  66,  67,  69 
Palaeogene,  14,  72,  85 
Palaeoly thrum  bournense,  31,  68 


Palaeonymphaea,  66 
eocenica,  20,  63 
sp.,  21 

Palaeonyssa,  58 

multilocularis,  31 

sp-,  31 

Palaeophytocrene,  56,  58,  59,  65,  88 
ambigua,  27 
foveolata,  27,  67 
foveolata,  var.  minima,  27 
Palaeorhodomyrtus,  121 
subangulata,  31 
Palaeosinomenium,  71,  112 
hantonense,  21 
obliquatum,  21,  40 
pulchrum,  21 
sp.,  21 
venablesi,  21 
Palaeothrinax,  35 
mantelli,  18 

Palaeotropical,  4,  81,  84-86 
Palaeovitis,  119 

paradoxa,  28,  94,  119;  PI.  3,  figs.  14,  15 
Palibinia,  84 

Pallot,  J.,  10,  13,  14,  37,  72-74,  76,  89,  95,  105,  108, 
hi 

Palmae,  5,  18,  19,  35,  54,  56,  79,  88,  129;  PI.  4,  fig.  31 
Palmophyllum  sp.,  19 
Palms,  13,  73,  76,  81,  83,  89,  92,  94 
Palmospermum,  56,  60 
bracknellense,  19 
cooperi,  19 
davisi,  19 
elegans,  19 
excavatum,  19 
jenkinsi,  19 
minimum,  19 
minutum,  19 
ornatum,  19 
ovale,  19 
parvum,  19 
pulchrum,  19 
pusillum,  39 
sp.,  19 

subglobulare,  19 
Pandanus,  11 
Papaver,  75 
pictum,  24 
Papaveraceae,  24 
Parabaena,  112 

bognorensis,  21,  93,  112;  PI.  2,  figs.  17-19 
denudata,  112,  113 
Paris  Basin,  45,  48,  88 

Parthenocissus,  36,  56,  58,  60,  71,  76,  77,  119 
boveyana,  28 
britannica,  28 
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Parthenocissus — continued 
hordwellensis,  28,  40 
jenkinsi,  29 
monasteriensis,  29,  40 

sp.,  29,  40,  92,  94,  1 17,  119;  PI.  3,  figs.  12,  13 
Pas  si  flora,  81 
Payena,  60 

Pengelly,  W.,  77,  79 
Petrophiloid.es,  14,  35,  61,  74,  no,  in 
imbricatus,  in 
richardsoni,  39,  53,  no,  in 
SP-.  39 

Phellodendron,  61,  66,  68,  83,  84 
costatum,  25,  52,  65,  68,  71,  89 
Philippines,  46,  55,  113,  115 
Phoenix , 35,  60,  69 
Phyllanthera  vectensis,  33 
Phyllochlamys,  36,  74 
Phytocrene,  55,  56,  59,  88 
Picea,  35,  61 
Pinaceae,  17,  35 

Pinus,  13,  35,  52,  61,  70,  71,  84,  129 
bowerbanki,  17,  39 

dixoni,  12,  17,  92,  94,  129;  PI.  4,  fig.  30 

macrocephalus,  17,  39,  51,  52 

merkusii,  52 

prestwichi,  17,  51 

vectensis,  17 

SP-.  *7.  73 

Pipe-clay,  6,  9,  13,  48-50,  65-68,  73,  74,  92,  128 

Pistachio,  27,  36 

Pityospermum  ambiguum,  17 

Pityostrobus  sp.,  39 

Planera,  76 

Platanaceae,  36 

Platanus,  36,  61,  83,  90 

Platycarya,  14,  35,  58,  59,  61,  72-74,  76,  no,  in 
richardsoni,  19,  39,  93,  no 
strobilacea,  in 
Pleistocene,  77,  78 
Pliocene,  82 

Plumbaginaceae,  36,  125,  126 
Podocarpaceae,  16,  35 
Podocarpus,  8,  35,  69 
eocenica,  16 
incerta,  16 
sp.,  16 

Podozamites,  83 
Poland,  n,  46,  81,  85,  88 

Pollen,  10,  n,  13,  14,  35,  37,  38,  46,  59,  60,  67,  69, 
73,  74,  76,  81,  88,  89,  108,  in 
Poltavian,  3,  4,  84,  85 
Poly  car pella  caespitosa,  34 
Polypodiaceae,  16,  35 
Poole,  Dorset,  13 
Populus,  84 


Portnallia,  56,  58,  80 
bognorensis,  32 
sheppeyensis,  32 
Portsmouth,  Hampshire,  45 
Posidonia  parisiensis,  17 
Potamogeton,  35,  61,  67,  69,  71,  75,  76,  80 
pygmaeus,  17,  69,  70,  75 
tenuicarpus,  17,  76,  78,  79 
sp.,  17 

Potamogetonaceae,  12,  17,  35 
Prestwich,  J.,  13 
Primulaceae,  32 
Proteaceae,  36,  81,  84 
Protium,  36 

Protoaltingia,  66,  68,  70,  118 
europaea,  24 

hantonensis,  24,  40,  65,  68,  69,  71,  74 
Protobar  clay  a eocenica,  21 
Protocommiphora  europaea,  25 
Protonyssa  bilocular  is,  41 
Protoravensara  sheppeyensis,  23 
Pseudosclerocarya  lentiformis,  26 
subalata,  26 
Psilotaceae,  35 
Psilotum,  35,  74 
Pteridophyta,  96 
P ter  is  eocenica,  16 
Pterocarya,  35,  61,  74,  76,  82 
Pterocaryopsis  bognorensis,  19 
Pterospermites,  83 
Ptychopetalum,  60 
Purdiaea,  36,  60 
Pyrenees,  45 
Pyrus  aria,  6 

Quercinium,  35 

pasanoides,  20,  60 
porosum,  20,  52 
Quercus,  8,  35,  72-74,  77 
sp.,  20 

Radermachera  pulchra,  33 
Ragless,  M.  H.,  92 
Ranunculaceae,  21,  36,  75 
Ranunculus,  75 

heterostylus,  21 
ovaliformis,  21,  41 
Raphidophora  ornatum,  19 
Rasky,  K.,  46,  74,  81,  82 
Ravensara,  55 

Reading,  Berkshire,  13,  61,  89-91,  98,  101 
Reading  Beds,  3,  9,  n,  13,  16,  41-44,  51,  52,  57,  64, 
65,  80,  84,  89-91,  93,  94,  97,  98,  1 01 , 122 
Red  Crag,  122 
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Red  End  Sandstone,  13 

Reid,  C.  & E.  M.,  4,  7,  9-11,  37,  39-41,  43-45,  53, 
54.  57.  58>  63,  66,  67,  72,  74,  76-78,  86,  106, 
no,  in,  116,  119,  120,  122,  123,  127,  130 
Restio,  35,  60,  61,  72,  74,  76 
Restionaceae,  35,  60,  71 
Rhamnaceae,  28,  36,  40 
Rhamnospermum,  75,  124 

bilobatum,  34,  40,  65,  67-69,  71,  92,  94,  124; 

PI.  4,  figs.  26,  27 
Rhizophora,  48,  59,  61 
Rhizophoraceae,  31,  36,  48,  54,  56,  87 
Rhoideae,  27 
Rhus,  27,  36,  37,  73,  79 
lakensis,  27 
sp.,  27 

Richards,  P.  W.,  i,  4,  8,  55,  57,  59,  61 
Ridley,  H.  N.,  i,  4-9,  n,  44,  46,  53,  54,  56,  66,  75, 
79,  80 

Rockley  Sands,  Dorset,  49 
Rode,  K.  P.,  46 
Rosaceae,  24,  116 
Rotularia  bognorensis,  104 
Rubiaceae,  36 
Rubus,  66,  68,  70,  79,  116 

acutiformis,  24,  65,  68,  71,  116 
microspermus , 24,  73,  78,  79 
sp.,  24,  92,  94,  1 16;  PI.  3,  figs.  9,  10 
Rupelian,  12 
Ruppia,  80 

Rutaceae,  25,  36,  54,  80,  117 
Rutaspermum,  70,  77,  80,  117 
bognorense,  25 
exaratum,  25 
excavatum,  25,  69 
glabrum,  25 
magnificum,  25 
minimum,  25 
ornatum,  25,  40,  80 
rugosum,  25 

sp.,  25,  80,  92,  94,  117;  PI.  3,  fig.  16 
striatum,  25 

Waf,  35.  6o>  67,  69,  76,  79,  82,  83 
grandisperma,  18 
major,  18 
sp.,  18,  69 

Sabiaceae,  10,  28,  36,  54,  82 
Salisbury,  Wiltshire,  93,  104 
Sahni,  B.,  46 
Salvinia  boveyana,  16 
hantoniensis,  39 
mildeana,  16,  39,  71 
sp.,  78 

Salviniaceae,  16,  35 


Salzburg,  Austria,  59 
Samar avectis  ovalis,  41 
Sambucus,  36,  61,  66-68,  70,  71,  74,  76,  79 
colwellensis,  33,  73 
mudensis,  33 
parvula,  33,  65,  71,  73 
sp.,  33,  52,  89 

Sandbanks,  Dorset,  13,  49,  125 
Sand  Rock,  13 
Sannoisian,  12 
Santalaceae,  36 
Santalum,  36,  74 
Sapindaceae,  28,  36,  54,  56 
Sapindospermum,  58 
cooperi,  28 
davisi,  28 
grande,  28 
jenkinsi,  28 
ovoideum,  28 
revolutum,  28 
sp.,  28 

subovatum,  28 

Sapotaceae,  5,  32,  36,  54,  60,  74,  76,  79,  82,  89 
Sapoticarpum,  36,  60 
dubium,  32 
latum,  32 
rotundatum,  32 
sp-,  32 

Sapotispermum,  36,  60 
sheppeyense,  32 

sp-,  32 

Sarcosperma,  36,  60 
Saxifragaceae,  40 

Saxifragispermum  spinosissimum,  30,  40 
Schefflera,  82 

Schizaeaceae,  9,  16,  35,  54,  96 
Schmalhausen,  J.,  46 
Schwarz,  O.,  109 
Sciadopitys,  35 
Scirpus,  13 

lakensis,  18,  65,  68 
sp.,  18 

Scleria  hordwellensis,  18 
Sclerocarya,  55 

tribrachteata,  18 
Sconce  Point,  I.o.W.,  130 
Scott,  R.  A.,  9,  40,  58,  59,  85,  88 
Sein  MaKhin,  10,  13,  37,  38,  46,  60,  61,  65,  67,  71, 
88,  105,  in 
Selaginella,  35 
sp.,  16 

Selaginellaceae,  16,  35 

Selsey,  Sussex,  3,  9,  12,  14,  16,  45,  50,  70,  87 
Selsey  Beds,  39 
Senegal,  46 
Senonian,  83 
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Sequoia,  14,  35,  52,  66,  70,  74,  76,  77,  81,  83,  84,  97, 
104,  105,  108,  109 

couttsiae,  17,  39,  52,  56,  65,  67,  69,  71,  73,  77, 
78,  84,  85,  92,  93,  97,  104,  105-109;  PI.  2; 
figs.  12,  13 

gigantea,  105,  107- 109 
langsdorfi,  109 
Occident  alis,  109 
reichenbachi,  109 
sempervirens,  105 -109 
shrubsolei,  39 
sp.,  17,  93,  97 

Sequoiadendron , 35,  61,  74,  105,  106,  108,  109 
giganteum , 107- 109 
Serenoa,  35,  60,  74 
eocenica,  18 
sp.,  18 

Seward,  A.  C.,  45 
Sheerness,  Kent,  87 

Sheppey,  Kent,  2,  44,  45,  54,  61,  62,  64,  86,  87,  92-94, 
no,  114,  1 1 8,  119 
Shrubsole,  W.  H.,  87 
shrubsolea  jenkinsi,  25 
Sierra  Leone,  59 
Simarubaceae,  36 
Simpson,  J.  B.,  14 
Sinclair,  J.,  73 
Singapore,  4,  5,  52,  53,  57,  87 
Solanaceae,  33,  54 

Solanispermum  reniforme,  33,  65,  68,  69 
Solanum  arnense,  33 
Sonneratia,  61 

Southampton,  Hampshire,  2,  12,  87 
Southbourne,  Hampshire,  12,  105 
Sparganiaceae,  17,  34,  35 
Sparganium,  35,  61,  80 
multiloculare , 17 
sp.,  17 

Sparnacian,  13,  44,  51,  52 
Sphaeriodes  ventricosa,  27 
Sphinxia  ovalis,  29 
Spirematospermum,  34,  74,  76 

headonense,  19,  39,  71,  72,  76 
wetzleri,  19,  39,  76,  78 
Spondiaecarpon  operculatum , 26,  69 
Spondias , 55,  60 
sheppeyensis,  40 
Spondicarya  trilocularis,  27 
Spondieae,  26,  54,  71,  72,  88 
Stamp,  L.  D.,  38,  42-44,  50 
Stampian,  12 

Steenis,  C.  G.  G.  van.,  8,  55,  67,  86-89 
Stenochlaena  palustris,  81 
Sterculiaceae,  29,  36,  54,  81 
Stizocarya , 70,  71 
communis,  28,  70 


Stizocarya — continued 
oviformis,  28 
sp.,  28 

Strahan,  A.  H.,  66,  79,  130 
Stratiotes,  5,  9,  38,  66,  68,  70,  75,  76,  79,  80 
acuticostatus,  17,  76 
aloides,  79 

hantonensis,  17,  65,  69,  70 
headonensis,  17,  70,  71,  76 
intermedins,  79 
kaltennordheimensis,  79 
minutissimus,  17 
neglectus,  18,  76 
websteri,  18,  76,  78,  79 
Streatham,  93,  98 
Streblosa,  36,  60 
Streblus,  36,  60 
Studland,  Dorset,  13,  65 
Stylidium,  36 
Styphelieae,  32 
Styracaceae,  33,  36,  79 
Styrax  elegans,  33,  63,  65,  71 
Suffolk,  60,  122 
Sumatra,  52 

Surrey,  13,  93,  95,  97,  100 
Sussex,  12,  50,  70,  87,  92,  93,  96,  98,  99 
Swanwick,  Hampshire,  13 
Symplocaceae,  32,  33,  36,  54,  79 
Symplocoides  glandulosa,  41 
Symplocos,  36,  53,  69,  76,  77,  79 
anglica,  32 
bognorensis,  32 
curvata,  32 

headonensis,  32,  65,  68,  69,  71 
lakensis,  32 
quadrilocularis,  32 

SP-.  32,  33 
trilocularis,  32 

Szafer,  W.,  11,  56,  81,  84,  85 

Talauma,  53,  56,  76,  82,  115 
angatensis,  1 1 5 

wilkinsoni,  22,  93,  115;  PI.  3,  figs.  6,  7 
Tamesicarpum  polyspermum,  31 

sp-,  31 

sulcatum,  31 

Taonabeae,  30,  31,  39,  41,  54,  56,  77,  120 
Tarrietia,  76,  81 
Tatabanya,  Hungary,  81 
Tatra  Mountains,  Czechoslovakia,  46,  81 
Tawney,  E.  B.,  71 
Taxaceae,  16,  35 
Taxodineae,  17,  35,  97,  104 
Taxodium,  35,  61,  67,  83,  84 
eocenicum,  17 
lakense,  17 
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Taylor,  H.  E.,  92,  112 
Ternstroemiaceae,  30 
Test  River,  Hampshire,  13 
Tethyan,  3,  44-48,  57,  58,  60,  82,  85,  86,  88 
Tetracera,  36,  55,  60,  79 
cantiensis,  30 
crofti,  30 
eocenica,  30 
sheppeyensis,  30 
Tetraclinis,  81 
Tetrapteris,  81 

Tetrastigma,  36,  56,  58,  60,  66,  71,  72,  74,  88 
acuminata,  29 
corrugata,  29 
davisi,  29 
elliotti,  29 
globosa,  29 
lobata,  29,  66,  71 
longisulcata,  40 
sheppeyensis,  29 
Texas,  58,  88 
Thalictrum,  36,  75 

Thanet  Beds,  9,  13,  16,  39,  42-44,  51,  52,  84 
Theaceae,  24,  30,  31,  39,  41,  54,  101,  120-122 
Theae,  30 
Thomas,  R.,  92 
Thorness  Bay,  I.o.W.,  12 
Thrinax,  35,  60,  72-74 
Thymelaeaceae,  30 
Thymelaeaspermum,  69 
bournense,  30 
lakense,  30 

sp-,  31 

sulcatum,  31 
Tilia,  36,  53,  61,  74 
sp.,  29 

Tiliaceae,  29,  36,  54,  73 
Tiliacora,  36,  55,  60 
Tinomiscium,  55,  56,  58,  59,  88 
taylori,  21 

Tinomiscoidea  scaphiformis,  21 
Tinospora,  55,  56,  58,  88 
arnensis,  21,  66,  67 
excavata,  21,  67 
rugosa,  21 
wilkinsoni,  21 

Tinosporeae,  21,  113,  114 
Toddaliospermum  excavatum , 25 
ornatum,  25 
Tongrian,  12 
Toona  sulcata,  25 
Tooting,  13,  98 
Totland  Bay,  I.o.W.,  12,  37 
Tr achy  carpus  raphifolia,  19 
Tricarpellites  communis,  25 
Triclisieae,  21 


Trochetia,  55 

Trochodendraceae,  21,  35 
Trochodendroides,  83 
Trochodendron,  53,  58,  83 
pauciseminum,  21 

J’jqgra,  35 

Turgai,  85 
Turgaian,  83-85 
Turkestan,  82,  84,  128 
Tylophora  antiqua,  33 
Typha,  35,  61 
latissima,  17 
Typhaceae,  17,  34,  35 

Ukraine,  3,  46,  48,  84,  88 

Ulmaceae,  20,  35 

Ulmus,  35,  84 

U.S.S.R.,  46,  82,  84,  85 

Upnor,  Kent,  13,  92,  93,  102,  103 

Urals,  58,  82 

Urticaceae,  20 

Urticarpum  scutellum,  20 

Ussher,  W.  A.  E.,  77 

Venables,  E.  M.,  87,  92 
Verbenaceae,  36 
Verwood,  Dorset,  13,  45 
Viburnum,  36,  61,  74,  79,  83 
Victoria,  no 
Vienna,  Austria,  59 
Visnea,  122 

Vitaceae,  28,  29,  36,  54,  56,  88,  102,  119,  130 
Vitis,  57,  58,  66,  77,  79,  83,  92,  102,  130 
ambigua,  29 
arnensis,  29 
bilobata,  29 
bognorensis,  29 
bracknellensis,  29 
cuneata,  29 
elegans,  29 
excavata,  29 
glabra,  29,  40 
goodharti,  29 
hooker i,  29,  30 
lakensis,  29 
longisulcata,  29,  40 
magnisperma,  29 
minuta,  29 
obovoidea , 29 
platyformis,  29 
platysperma,  29 
poolensis,  29 
pygmaea,  29,  65,  67-69 
rectisulcata,  29,  93,  102 
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Vitis — continued 

semenlabruscoides,  29 

sp.,  29,  40,  66,  93,  102;  PI.  2,  figs.  7,  8 

stipitata,  29,  94,  130 

subglobosa,  29 

symmetrica , 29 

triangularis,  29 

uncinata,  29 

venablesi,  29 

Wardenia , 67,  69,  112 
davisi,  21 
marginata,  21,  69 
poolensis,  21 
spp.,  Ill 

Waterloo  Kiln,  Reading,  89 
Watson,  J.  G.,  48,  61 
Weide,  H.,  109 
Wemmelian,  72 
Wessexia  bournensis,  34 
fibrosa,  34,  41 
Wether ellia,  13,  45,  55 
dixoni,  3,  26 

variabilis,  13,  26,  40,  66,  67 
sp.,  26 

White,  E.  I.,  v,  vii,  103 
Whitecliff  Bay,  I.o.W.,  12-14,  37>  61,  70 
Wilcox  Beds,  4,  58 
Wilkinson,  H.  P.,  92 


Wittering,  East,  Sussex,  13 
Wonnacott,  F.  M.,  v,  vii 

Woolwich  Beds,  3,  9,  n,  13,  16,  37,  40,  42,  43,  51, 
52,  57,  64,  71,  75,  78,  80,  84,  89-100,  109 
Wormia,  36,  60 

Worthing,  Sussex,  13,  92,  93,  99 
Wrigley,  A.,  12,  13,  43,  44,  46,  50,  126 

Xylocarpus,  59 
Xylocarya  trilocularis,  27 
Xylopiaecarpum,  81 

Yarmouth,  I.o.W.,  94,  130 
Ypresian,  13,  44 

Zatithoxylon,  25,  74 
ailanthoides , 40 
bognorense,  25 
compressum,  25 
costatum,  25 

hordwellense,  25,  40,  71,  73 
ornatum,  40 
sp.,  25 

Zelkova,  35,  77 
boveyana,  20 
Zingiberaceae,  19,  35,  87 
Zizyphus,  36,  81 

paradisiacus,  var.  paradoxus,  28 
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PLATES 


Explanation  of  Plate  i 


Fig. 

Equisetum  sp. 

1.  Vegetative  shoot,  internal  cast  with  one  node  showing 
small  circular  scars  where  bundles  to  lateral  branches 
emerged  (one  branch  clearly  shown  to  right  of  node 
in  figure),  e,  external  impression  of  another  fragment. 
Xi.  V.  14749. 

2.  Part  of  internal  cast  in  Fig.  1 after  removal  of  that  part  of 
it  below  node  so  that  the  external  cast,  e,  is  there  exposed. 
/,  indicates  the  fractured  end  of  that  part  of  the  internal 
cast  still  in  position  above  the  node ; b,  the  ring  of  scars 
marking  egress  of  branches;  l,  constriction  with  ring  of 
smaller  scars  for  bundles  of  leaf  sheath.  X 2-5. 

Equisetum  sp. 

3, 4.  Groups  of  spores  with  coiled  elaters  from  cone  in 
Fig.  5.  X600.  V. 33810a. 

5.  Crushed  cone  in  matrix  which  yielded  pollen  in  Figs.  3,  4. 
Truncate  at  apex  by  edge  of  stone.  X3  approx. 
V.33810. 

6.  Another  with  peduncle  preserved.  X 3 approx.  V.6469. 


Fig. 

7.  Cone  in  which  horizontal  arrangement  of  sporophylls  is 

more  apparent.  X2-8.  41181. 

Lygodium  sp. 

8.  Pinnule  fragment  with  dichotomous  nervation,  m,  entire 
leaf  margin.  Edge  of  leaf  broken  at  b.  X 2-3.  V. 45236. 

Lygodium  sp. 

9.  Small  palmate  leaf  with  parts  of  four  lobes  preserved; 
pi,  perfect  lobe,  2,  3,  4,  indicate  broken  lobes.  Xi'3. 
V.530. 

Gramineae.  Genus  ? 

10.  Matted  mass  of  leaves,  /,  and  stem,  s,  embedded  in  matrix. 
n,  node  of  stem,  b,  Laurocarpum  berry  on  same  block 
(cf.  PI.  2,  fig.  1).  X 1-3.  V.15436. 

All  from  Woolwich  Beds.  Figs.  1,  2 Sewage  works  settling 
tank,  Beddington,  Croydon,  Surrey.  Figs.  3-7  Dulwich. 
Fig.  8 block  below  tide  levels,  Lancing,  Sussex.  Fig.  9 loam 
pit,  Lewisham.  Fig.  10  Newhaven,  Sussex. 
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Plate  1 


Explanation  of  Plate  2 


Fig. 

Laurocarpum  sp. 

1.  Berry  with  large  attachment  scar  lying  in  matrix  (cf.  PI.  i, 
fig.  10).  X 6-5.  V.15436. 


Apocynaceae.  Genus  ? 

2.  Forked  stem,  forks  bearing  paired  pods  obscurely  seen  on 
left  fork  in  figure.  Xi'3.  V.151  98. 


Jenkinsella  apocynoides  Reid  & Chandler 

3.  Pod,  possibly  borne  on  long  stalk.  X 3 approx.  V. 15502. 


Mastixia  sp. 

4.  Endocarp,  slightly  imperfect  at  apex,  looking  onto  valve 
with  median  longitudinal  furrow.  X2-8.  V. 45063. 

5.  Same,  transverse  section,  median  ridge,  obscurely  seen  in 
figure,  projects  into  locule.  X2-8. 


Eomastixia  rugosa  (Zenker)  Chandler 

6.  Endocarp  looking  onto  a valve.  X2  8.  V. 45062. 

Vitis  sp.  (Vitis  rectisulcata  Reid  & Chandler?) 

7.  Internal  cast  of  seed,  dorsal,  slightly  imperfect  on  left 
near  base,  showing  chalaza.  x6’5.  V. 45235. 

8.  Same,  ventral  showing  broad  straight  infolds.  X6-5- 


Fig. 

Sequoia  couttsiae  Heer 

12.  Twig.  X 17.  V.45044. 

13.  Cone,  crushed  and  distorted.  Scale  1 facing  camera, 
scales  2-6  indicated  in  profile.  X2-8.  V.45045. 

? Libocedrus  sp. 

14.  15.  Opposite  sides  of  small  twig  fragment,  b,  branch  in 

axil  of  leaf.  x6'5.  V. 45221. 

Menispermum?  taylori  n.sp. 

16.  Holotype.  Abraded  endocarp.  x6-5-  V.45223. 


Parabaena  bognorensis  n.sp. 

17.  Holotype.  Endocarp,  ventral,  cavity  filled  with  pyrites. 
Finger-like  outgrowths  from  lateral  margins  of  endocarp 
seen  on  right  (lower  part)  curving  over  ventral  cavity. 
X 6-5.  V.45050. 

18.  Same,  dorsal,  damaged  below,  worn  and  pyrites  encrusted, 
showing  median  ridge.  X65. 

19.  Same,  side,  showing  boat-shaped  form,  sigmoidal  cur- 
vature of  lateral  margin,  tag-like  outgrowths  from  this 
margin  curving  onto  ventral  surface  on  left.  X 6-5. 


PEomastixia  rugosa  (Zenker)  Chandler 

9.  Valve  of  endocarp,  exterior.  X2-8.  V.45234. 

10.  Same,  interior,  t,  infold  which  has  split  medianly,  the  right 
half  missing,  s,  suture  of  valve.  X2'8. 

Araucarites  sp. 

11.  Impression  of  twig  in  ironstone  nodule.  X2  approx. 
V.45046. 


Figs.  1-3  Woolwich  Beds.  Figs.  4-6  believed  to  be  Woolwich 
Beds.  Figs.  7-10  base  of  Oldhaven  Series.  Figs.  11-19 
London  Clay.  Fig.  1 Newhaven,  Sussex.  Fig.  2 Croydon, 
Surrey.  Fig.  3 Dulwich.  Figs.  4-6  3 ft.  Black  Band,  Brickpit, 
Clapham,  west  of  Worthing,  Sussex.  Figs.  7-10  Upnor,  Kent. 
Fig.  1 1 Brickpit  close  to  Clarendon  Cutting  near  Salisbury, 
Wiltshire.  Figs.  12-19  Bognor;  fig.  12  clay  above  Upper 
Fish  Tooth  Bed;  figs.  13-15,  17-19  Beetle  Bed;  fig.  16  Upper 
Fish  Tooth  Bed. 
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Plate  2 


Explanation  of  Plate  3 


Fig. 


Nymphaeaceae.  Genus  ? 


1.  Internal  cast  of  seed  showing  crushed  opening,  e,  for 
embryotega  at  apex  and  puckered  surface  of  tegmen. 
X15.  V.45Z22. 


Fig. 

Lagenoidea  bilocularis  Reid  & Chandler 
11.  One  locule  cast,  /,  exposed  by  breaking  away  of  valves  of 
fruit  wall,  /,  remains  of  which  are  seen  around  the  base 
of  the  cast.  x6'5.  V.45230. 


2.  Same,  opposite  side.  Distortion  has  brought  the  large 
terminal  chalaza,  ch,  at  opposite  end  to  embryotega  into 
view.  X 15. 

Jatrorrhiza  gilliami  n.sp. 

3.  Holotype.  Endocarp,  ventral,  showing  ventral  cavity 
partly  closed  by  rugose  flange-like  outgrowth  from  endo- 
carp wall,  s,  stylar  scar.  X 6-5.  V.45047. 

4.  Same,  dorsal,  with  median  ridge.  X6‘5. 

5.  Locule  cast  ( = seed),  ventral,  showing  large  ventral  cavity 
exposed  when  endocarp  wall  and  flange  have  gone. 
Cracked  remains  of  endocarp  seen  at  base  of  cavity. 
X 6-5.  V.45048. 

Talauma  wilkinsoni  n.sp. 

6.  7.  Holotype.  Seed,  opposite  sides;  Fig.  6 ventral; 

h,  hilum;  ch,  cast  of  canal  leading  to  chalaza.  x6‘5- 
V. 45051. 

Crowella  globosa  (Bowerbank)  Reid  & Chandler 

8.  Fruit  in  cupule,  side,  showing  large  receptacle,  r,  and  two 
large  perianth  segments,  p,  with  a segment  of  the  inner 
whorl  between  them.  X3.  V.45232. 


Parthenocissus  sp. 

12,  13.  Much  cracked  carbonaceous  seed.  Fig.  12  dorsal, 
showing  chalaza;  Fig.  13  ventral,  splitting  along  the  raphe 
ridge  at  s,s;  infolds  seen  on  each  side  of  the  gap.  Compare 
with  Text-fig.  4 on  p.  1 19.  X6'5-  V.45042. 

Palaeovitis  paradoxa  Reid  & Chandler 

14,  15.  Typical  seed  with  testa  preserved.  Fig.  14  dorsal, 
showing  rounded  form.  External  chalaza  worn  away  but 
depression  for  it  shown.  Fig.  15  ventral,  with  raphe  ridge 
flanked  by  short  infolds.  x6'5-  V.45225. 

Rutaspermum  sp. 

16.  Seed,  side,  hilar  scar  truncates  right  hand  margin.  x6'5. 
V.45043. 

Oncoba  variabilis  (Bowerbank)  Reid  & Chandler 

17.  Abraded  fruit,  apex,  with  spines  and  epicarp  missing. 
Eight  valves  are  shown.  X3.  V.6641. 

18.  Same,  sectioned  longitudinally,  showing  seeds  embedded 
in  pulpy  placenta.  X 3. 

19.  Fruit,  apex,  with  spines  and  epicarp  preserved,  broken  on 
right.  Large  projecting  style  shown.  X27.  V.45057. 

20.  Same,  base,  seeds,  s,  are  seen  embedded  in  broken  edge 
which  shows  pulpy  mass.  X27. 


Rubus  sp. 

9,  10.  Opposite  sides  of  locule  with  adherent  remains  of 
carpel  wall,  s,  scar  marking  point  of  entry  of  funicle. 
Fig.  9x6-5.  Fig.  10  X 15.  V.45052. 


All  London  Clay:  Figs.  1-5,  8-1 1,  14,  15,  19,  20  from  Bognor: 
figs.  1,  2,  9-11  Upper  Fish  Tooth  Bed;  figs.  3-5,  8,  14,  15, 
19,  20  Beetle  Bed.  Figs.  6,  7 Herne  Bay.  Figs.  12,  13,  16 
Holtwood,  near  Hinton  Martell,  Dorset.  Figs.  17,  18  derived 
in  Red  Crag,  Bawdsey,  Suffolk. 
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Plate  3 


Explanation  of  Plate  4 


Fig. 

Natsiatum  eocenicum  Chandler 

1.  Endocarp  showing  ornamentation,  c,  one  of  canals  and 
apical  thickening  over  placenta.  X 3.  V.45055. 

2,  3.  Opposite  sides  of  another,  slightly  asymmetric,  endo- 

carp. p,  position  of  placenta.  Wall  broken  and  flaking 
away  exposing  locule  cast  at  c.  X2-75-  V.45054. 

4.  Another  specimen.  X2'75-  V. 45067. 

Eurya  sp. 

5.  Seed,  slightly  imperfect  at  chalazal  end.  m,  position  of 
micropyle;  h,  hilum  with  hilar  thickening  of  testa.  X 15. 

V.45059. 

6.  Internal  cast  of  curved  seed,  possibly  this  species,  m, 
micropyle;  ch,  chalaza.  X 15.  V.45058. 

Ehretia  clausentia  Chandler 

7.  Endocarp,  dorsal,  showing  depressions,  long  below,  short 
above  and  median  furrow  between  the  two  carpels.  X 15. 
V.45226. 

8.  Same,  ventral.  Submarginal  dehiscence  seen  near  apex 
on  left.  X 15. 

9.  Shorter  endocarp,  dorsal,  showing  ornamentation.  X 15. 
V.45227. 

10.  Same,  ventral,  slits  for  dehiscence  seen  on  both  sides  near 
the  apex.  X 15. 

Jenkinsella  apocynoides  Reid  & Chandler 

1 1 . Crushed,  perhaps  immature  pod,  ventral,  showing  suture 
and  fibre  strands  diverging  from  it.  Base  and  apex 
slightly  imperfect.  X15.  V. 45060. 

Carpolithus  anthozoiformis  n.sp. 

12.  Holotype.  Fruitlet  showing  cup-shaped  form  of  calyx  or 
involucre  terminating  above  in  alternately  large  and  small 
sharp  teeth.  Transverse  alignment  of  tissues  between  ribs 
of  cup  indicated  by  reflections  from  moist  surface.  X 6-5. 
V.45071. 

13.  Another,  showing  ribs.  Teeth  abraded.  x6’5.  V. 45072. 

14.  Apex  of  cup  showing  enclosed  fruit  (circular  outline). 
X 6-5.  V.45073. 

1 5.  16.  Opposite  sides  of  a broader  specimen  with  teeth  partly 

abraded,  showing  ribs.  X6  5.  V.45074. 


Fig. 

17,  18.  Two  aspects  at  right  angles  to  one  another  of  a slightly 
compressed  specimen  with  teeth  and  ribs.  x6'5. 
V-45075- 

19,  20.  Opposite  sides  of  a cup  with  ribs  preserved  but  tips  of 
teeth  broken ;/,  remains  of  fruit.  X6'5.  V.45076. 

21.  Conical  cup  with  all  but  one  tooth  broken.  x6-5. 
V.45077. 

22.  Fruitlet  (right)  with  long  teeth  preserved  with  adherent 
mass  of  pyrites  to  left  of  p,p.  X 6-5.  V.45078. 

23.  Small  fruitlet.  X6‘5.  V.45079. 

24.  25.  Opposite  sides  of  larger  specimen,  probably  the  same 

species,  with  adherent  bracts,  b.  f,  remains  of  fruit. 
x6’5.  V.45080. 

Rhamnospermum  bilobatum  Chandler 

26.  Typical  seed,  dorsal,  showing  distended  lobes.  X15. 
V.45061. 

27.  Same,  apex,  a,  aperture  formerly  closed  by  a plug.  End 
of  specimen  somewhat  crumpled.  Lobes  towards  top  of 
figure.  X 15. 

Anonaspermum  sp.  (?A.  ovale  Reid  & Chandler) 

28.  Internal  cast  of  seed  lying  in  pipe-clay.  X3.  V.45064. 

Abelia  sp. 

29.  Impression  of  lower  surface  of  wings  showing  form  and 
nervation.  Apex  of  fruit  itself  somewhat  obscure.  X 3. 
V.45065. 

Pinus  dixoni  (Bowerbank)  Gardner 

30.  Cone.  xi.  V.44840. 

Palmae.  Genus  ? (?Nipa  sp.) 

31.  Impression  of  undersurface  of  part  of  a pinnate  leaf 
showing  pinnae  arising  from  the  left  hand  side  of  the 
rachis  (only  the  edge  of  which  is  preserved).  XO'55. 
V.45000. 


Figs.  1-27  London  Clay,  Bognor:  figs.  1-4,  12-27  Beetle  Bed; 
figs.  5-1 1 Upper  Fish  Tooth  Bed.  Figs.  28,  29  Lower  Bagshot, 
Corfe  Clays,  Dorset.  Fig.  30  Beckton  Bunny,  Hampshire, 
presumed  to  come  from  the  Upper  Barton  Beds.  Fig.  3 1 iron- 
stone slab,  Upper  Headon  or  Osborne?,  on  foreshore  near  Cliff 
End,  Isle  of  Wight. 
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